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INTRODUCTION, 

CONTAINING 

A  Brief  Account  of  the  Solar 
System,  and  of  the  Fixed 
Stars. 


S  E  C  T.  1. 

Of  the  Order  and  Periods  of  the  Primary 
Planets  reneohmg  about  the  Sun ; .  a?2d 
of  the  Secondary  Planets  round  theif 
refpeblive  Ptdmarks. 

H  E  Sun  is  plated  in  the  midft 
I  of  an  immenfe  fpace,  wherein 
lix  opaque  fpherical  bodies  re¬ 
volve  about  him  as  their  center.  Tliefe 
wandering  globes  are  called  the  Pla-  Planets^ 
nets,  who,  at  different  diftances,  and 

B  in 
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in  difFcient  periods,  perform  their  re¬ 
volutions  from  Weft  to  Eaft  in  the  fol- 
*  lowing  order: 

I .  ^  Mercury  is  ncareft  to  the  Sim  of 
all  the  planets,  and  performs  its  courfe 
in  about  thiee  months.  2.  ?  Venus  in 
about  feven  months  and  a  half.  3.  © 
The  Earth  in  a  year,  4,  ^  Mars  in  a- 
bout  two  years.  5.  %  Jupiter  iu  twelve. 
And  laftly,  ^  Saturn^  whole  *  Orbit  in¬ 
cludes  all  the  reft,  fpends  almoft  thirty 
^ars  in  one  revolution  round  the  Sun. 
1  he  diftances  of  the  Planets  from  the 
Sun  are  nearly  in  the  fame  proportion 
they  are  reprefented  in  Plate  i. 
Suppofing  the  diftance  of  the  Earth 
fiom  the  Sun  to  be  divided  into  10 
equal  parts,  that  of  Mercury  will  be 
about  4  of  thefe  parts ;  of  Venus  7  ;  of 

Mars  15 ;  of  Jupiter  52  s  and  that  of 
oat  urn 

The 


The  Chnraaers  placed  before  the  names  of  the  Pla¬ 
nets,  are  for  brevity  s  fake  commonly  made  ufe  of  bv 

of  a  Planet  is  cormmonly  underllood 
Wftce  extended  every  wny  through  t'L“orWt“in|.‘ 


p 


TE  ]vr  Ortke  Orbits  of  the  Planets 

diito/nced  ■frorrv^Aey  i^/j/ru 


tAc' 

\j^07ny  t/t&  Su^-' 


yj. 


A\  C f/M,v  i'<-(i//>. 


V  ®Mar  s 
j  QitHarth. 

^  Q'Venus 

^  o  Mercurj^ 

^  oi»<<!M!oon 

fl4«-  Sail  lOiicAet  DiameXar  i 
to  tAiJ ^O^creiony 


I 


r 


i 

I 

t 

I 


.  ^ 

I 


I 


V 


s 


J 


\ 


4 


/ 


1 

i 


I 


I 


I  j 


i 


;  T 


•1 


3 


5e£l:.  I.  Of  the  Solar  System: 

The  orbits  of  the  Planets  are  not  all 
in  the  fame  plariCj  but  vafioufly  inclined 
to  one  another  j  fo  that  fuppofing  one 
of  them  to  coincide  with  the  above 
fcheme,  the  others  will  have  one  half 
abovej  and  the  other  half  below  it,  in- 
terfedting  one  another  in  a  line  pafling 
through  the  Sun.  The  plane  of  the 
Earth’s  orbit  is  called  the  Ecliptic  j  and 
this  the  aftronomers  make  the  ftandard 
to  which  the  planes  of  the  other  orbits  are 
judged  to  incline.  The  right  line  pafling 
through  the  Sun,  and  the  common  in- 
terfediion  of  the  plane  of  the  orbit  of 
any  planet  and  the  Ecliptic,  is  called 
the  Line  of  the  Nodes  of  that  planet ; 
and  the  points  themfelves,  wherein  the 
orbit  cuts  the  Ecliptic,  are  called  the 
Nodes. 

The  inclinations  of  the  orbits  of  the 
Planets  to  the  plane  of  the  ecliptic,  are 
as  follows,  viz.  the  orbit  of  Mercury 
makes  an  angle  with  it  of  almoft  7  de¬ 
grees;  that  of  Venus  fomething  above  34- 
degrees  ;  of  Mars^  a  little  lefs  than  2 
degrees;  of  fiptter^  14-  degree;  and^ 
of  Saturn^  about  21  degrees.  The  or¬ 
bits  of  the  Planets  are  not  circles,  but 
ellipfes  or  ovals.  What  an  ellipfls  is, 
may  be  eafily  underftood  from  the 
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following  delcription.  Imagine  tw’o 
fmall  pegs  fixed  upright  on  any  plane/ 
and  fuppole  them  tied  with  the  ends  of 
thread  fomewhat  longer  than  tjieir 
diflance  from  one  another :  Now  if  a 
pin  be  placed,  in  the  double  of  the  thread, 
and  turned  quite  round  (always  flretch- 
ing  the  thread  with  the  fame  force)  the 
curve  defcribed  by  this  motion  is  an 
Rllipjis,  The  two  points  where'  the 
pegs  flood  (about  which  the  thread 
was  turned)  are  called  the  foci  of  that 
ellipfis ;  and  if,  without  changing  the 
length  of  the  thread,  we  alter  the  po- 
fition^  of  the  pegs,  we  fhall  then  have 
an  ellipfis  of  a  different  kind  from  the 
formei  ;  and  the  nearer  the  focus  s  are 
together,  the  nearer  will  the  curve  de¬ 
fcribed  be  to  a  circle* ;  until  at  laft,  the 
two  focus  s  coincide,  and  then  the  pin  in 
the  doubling  of  the  thread  will  defcribe 
a  pei'fedl  circle.  The  orbits  of  all  the 
Planets  have  the  Sun  in  one  of  their 
focus  j,  and  half  the  diflance  between 
the  two  focus  s  is  called  the  RxccTitvi- 
cjty  ^  of  the  orbits.  This  excentricity 
is  dif&ient  in,,  all  the  planets,  but  in 
in^ofl  of  them  fo  fmall,  that  in  little 
fchenacs  or  inflruments,  made  to  repre- 
fent  tne  planetary  orbits,  it  need  not 
be  confidered. 
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The  fix  Planets  above-mentioned, 
are  called  Primaries^  or  Primary  Phi-  Primary 
nets ;  but  befides  thefe,  there  are  ten 
other  lelTer  Planets,  which  are  called 
SecondarieSy  MoonSy  or  Satellites.  Thefe  Secondary 
moons  always  accompany  their  refpec- 
tive  primaries,  and  perform  their  Re¬ 
volutions  round  them,  whilft  both  to¬ 
gether  are  alfo  carried  round  the  Sun. 

Of  the  fix  Primary  Planets,  there  are 
but  three,  as  far  as  obfervation  can  af- 
fure  us,  that  have  thefe  attendants,  viz. 
the  Earthy  Jupiter y  and  Saturn. 

The  Earth  is  attended  by  the  Moon, 
who  performs  her  revolution  in  about 
27  '-  Days,  at  the  dillance  of  about  30 
Diameters  of  the  Earth  from  it  3  and 
once  a  year  is  carried  round  the  Sun 
along  with  the  Earth. 

Jupiter  has  four  Moons y  or  Satellites-,  Jupiter' % 
the  firjiy  or  innermofl,  performs  its 
revolution  in  about  one  Day,  and  1 84. 
Hours,  at  the  diftance  of  54^  Semidia¬ 
meters  of  Jupiter,  from  his  Center ; 
the  fecond  revolves  about  Jupiter  in  3 
Days,  13  Hours,  at  the  diftance  of  9 
of  his  Semidiameters ;  the  third  in  7 
Days,  and  4  Hours,  at  the  diftance  of 
144-  Semidiameters  3  the  fourth,  and  cut- 

B  3  ermofi. 


6 


Safurtf 
has  five 
Moons. 


Sat  urn*  s 
Ring, 


rhe  INTRODUCTION: 

ermoji,  performs  its  courfe  in  the  fpace 
of  1 6  Days,  1 8  Hours  ;  and  is  diflant 
from  Jupiter  s  center  251-  of  his  Semi¬ 
diameter?, 

Saturn  has  no  lefs  than  five  Satellites ; 
the  JirJi,  or  innermofi;,  revolves  about 
him  in  i  Day,  and  2 1  Hours,  at  the  dif- 
tance  of  4^  Semidiameters  of  ,  from 
his  ^  center  ;  the  fecond  compleats  his 
period  in  2^  Day?,  at  the  diftance  of 
■  5I  of  his  Semidiameters  ;  the  thirds  in 
about  44  Days,  at  the  diflance  of  84 
Semidiameters  j  the  fourth  performs  its 
courfe  in  about  16  Days,  at  the  diA 
tance  of  1 84  Semidiameters ;  the  fifth  and 
outermofl,  takes  794  Days,  to  finifh  his 
courfe,  and  is  56  Semidiameters  of  Sa¬ 
turn  diflant  from  his  center.  The  Sa¬ 
tellites,  as  well  as  their  primaries,  per¬ 
form  their  revolutions  from  Weft  to 
Eaft :  The  planes  of  the  Orbits  of  the 
Satellites  of  the  fame  Planet  are  vari- 
oufly  inclined  to  one  another,  and  con- 
lequently  are  inclined  to  the  plane  of 
the  orbit  of  their  primary. 

Befides  thele  attendants,  Saturn  is  en- 
compafled  with  a  thin  plain  Ring,  that 
does  no  where  touch  his  body :  The  di¬ 
ameter  of  this  Ring  is  to  the  diameter 

of 
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of  Saturn  as  9  to  4  j  and  the  void  fpace 
between  the  Ring  and  the  body  of  Saturn 
is  equal  to  the  breadth  of  the  Ring  it- 
lelf ;  fo  that  in  fonie  fituations  the  Hea¬ 
vens  may  be  feen  between  the  Ring  and 
his  body.  This  furprizing  phaenomcnon 
of  Saturn\  Ring,  is  a  modern  difeovery  j 
neither  were  the  Satellites  of  Jupiter 
and  Saturn  known  to  the  ancients. 

The  Jovial  Planets  were  firft  difeovered 
by  the  famous  Italian  philofopher  Ga- 
Ulceus^  by  a  telefcope  which  he  firfl  in¬ 
vented  ;  and  the  celebrated  Cajini,  the 
French  king’s  aflronomer,  was  the  firft 
that  faw  all  the  Satellites  of  Saturn', 
which  by  reafon  of  their  great  diftances 
from  the  Sun,  and  the  fmallnefs  of  their 
own  bodies,  cannot  be  feen  by  us,  but 
by  the  help  of  very  good  glafies. 

The  motion  of  the  primary  Planets  ^«««^ 
round  the  Sun  (as  alfo  of  the  Satellites 
round  their  refpedtive  primaries)  is  call¬ 
ed  their  Annual  Motion  j  becaufe  they 
have  one  Year,  or  alteration  of  Seafons 
contpleat,  in  one  of  thefe  revolutions. 
Befides  this  annual  motion,  four  of  the 
Planets,  viz.  Venus  Earth,  Mars,^n(\ 
revolve  about  theirowny^v/j, from 
JVeJl  to  Eaf,  and  this  is  called  theii*  Di- 
W'nal  Motion.  For  by  this  rotation,  each 
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point  of  their  furfaces  is  carried  fuccef- 
fiveiy  towards  or  from  the  Sun,  who  al¬ 
ways  illuminates  the  heraifphere  which 
is  next  to  him,  the  other  remaining  ob- 
fcure  ;  and  while  any  place  is  in  the 
hemifphere,  illuminated  by  the  Sun,  it 
is  Bay,  but  when  it  is  carried  to  the 
obfeure  hemifphere,  it  becomes  Night ; 
and  fo  continues,  until  by  this  rotation 
the  faid  place  is  again  enlightened  by 
the  Sun. 


Diurnal 
Motion  of 
the0,  ?  , 
^  andlj:. 


G  and  ]) 
likevvife 
turn 
round 
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The  Earth  performs  its  revolution 
round  its  axis  in  23  Hours,  56  Minutes; 
*  V mils  in  24  Days,  8  Hours  ;  Mars  in 
24  Hours,  and  40  Minutes ;  and  Jupiter 
moves  round  his  own  axis  in  9  Hours, 
and  56  Minutes.  The  Sun  alfo  is  found 
to  turn  round  his  axis  front  Weft  toEaft, 
in  about  26  Days :  And  the  Moon,  which 
is  neareft  to  us  of  all  the  Planets,  re¬ 
volves  about  her  axis  in  a  month,  or  in 
the  fame  fpace  of  time  that  ftie  turns 

round 


*  A;  According  to  5 WWs  Obfervations  F&, 
axis  inclines  75  degrees  from  the  perpendicular 
o  the  plane  of  the  Lcliptic  (which  is  5,^  deg.  more 
than  the  axis  of  our  Earth)  her  Tropics  are  only  i  - 
deg.  from  her  Poles,  and  her  Polar  Circles  at  the 
fame  ^iftance  from  her  Equator ;  fo  that  the  Sun’s 
grrateft  Decimation  on  each  fide  of  her  Equator  is  7  ; 
deg.  by  which  Ihemiift  niidcrgo  a  much  greatei  va- 
nety  of  feafons  than  we  do  on  our  Earth.  ^ 
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round  the  Earth  j  fo  that  the  Lunariam 
have  but  i  Day  throughout  the  Year. 

I.  The  Planets  are  all  Opaque  bodies, 
having  no  light  but  what  they  borrow  opaque 
from  the  Sun  ;  for  that  fide  of  them  and  Glo- 
which  is  next  towards  the  Sun,  has  al- 

ways  been  obferved  to  be  illuminated, 
in  what  pofition  foever  they  be ;  but  the 
oppohte  hde,  which  the  Solar  rays  do 
not  reach,  remains  dark  and  obfeure ; 
whence  it  is  evident,  that  they  have  no 
light  but  what  proceeds  from  the  Sun ; 
for  if  they  had,  all  parts  of  them^ would 
be  lucid,  without  any  darknefs  or  flia- 
dow.  The  Planets  are  likewife  proved 
to  be  Globular  j  becaufe  let  what  part 
foever  of  them  be  turned  towards  the 
Sun,  its  boundary,  or  the  line  feparat- 
ing  that  part  from  the  oppolite,  always 
appears  to  be  circular;  which  could  not 
happen,  if  they  were  not  globular. 

II.  That  the  Earth  is  placed  betwixt  The  Pk- 

t;he  Orbs  of  Mars  and  Veizus,  and  that  round'^the 
and  1?,  do  all  turn  round  Sun, 
the  Sun,  is  proved  from  obfervations  as 
follow  : 

I .  V/henever  Venus  is  in  conjun^lion 
with  the  Sun,  that  is,  when  flie  is  in  the 

fame 
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fame  dire6lion  from  the  Earth,  or  to¬ 
wards  the  fame  part  of  the  Heavens  the 
Sun  is  ill;  fhe  either  appears  with  a 
bright  and  round  face,  like  a  full  Moon, 
or  elfe  difappears  :  Or,  if  fhe  is  vifible, 
fhe  appears  horned,  like  a  new  Moon  ; 
which  phsenomena  could  never  happen 
if  ?  did  not  turn  round  the  Sun,  and 
was  not  betwixt  him  and  the  Earth : 
For  fmee  all  the  Planets  borrow  their 
light  from  the  Sun,  it  is  neceflary  that 
?’s  lucid  face  fbould  be  towards  the 
Sun  3  and  when  fbe  appears  fully  illu¬ 
minated,  fhe  fhews  the  fame  face  to  the 
Sun  and  Earth ;  and  at  that  time  flie 
mufl  be  above  or  beyond  the  Sun  3  for 
in  no  other  pofition  could  her  illumi¬ 
nated  face  be  feen  from  the  Earth.  Far¬ 
ther,  when  fhe  difappears,  or  if  vifible, 
appears  horned,  that  face  of  her’s  wliich 
is  towards  the  Sun  is  either  wholly  turn¬ 
ed.  from  the  Earth,  or  only  a  fmall  part 
it  can  be  feen  by  the  Earth  3  and  in 
this  cale  fhe  muff  of  neceflity  be  betwixt 
us  and  the  Sun.  Let  S  be  the  Su;?,  T 
the  E.ai~thy  and  V  V miiSy  having  the  fame 
face  prefented  both  towards  the  Sun 
and  Earth -y  here  it  is  plain  that  the  Sun 
is  betwixt  us  and  Venus y  and  therefore 
we  muff  either  place  Venus  in  an  Orbit 
round  the  Sun,  and  likewife  betwixt  him 

and 
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and  us,  as  in  Fig.  i.  or  elfe  we  muft 
make  the  Sun  to  move  i'ound  the  Earth 
in  an  Orbit  within  that  of  Venus^  as  in 
Fig.  2.  Again,  after  Venus  difappears, 
or  becomes  horned,  at  her  *  <5  with  the 
o,  file  muft  then  be  betwixt  us  and  the 
Sun,  and  muff  move  either  in  an  Orbit 
round  the  Sun,  and  betwixt  us  and  him, 
as  in  Fig.  i.  or  elfe  round  the  Earth, 
and  betwixt  us  and  the  Sun,  as  in  Fig  2. 
Vi\x\.Venus  cannot  movefometimes  within 
the  Sun’s  Orbit,  and  fometimes  without 
it,  as  we  muft  fuppofe  if  ftie  moves 
round  the  Earth ;  therefore  it  is  plain 
that  her  motion  is  round  the  Sun. 

Befides  the  foregoing,  there  is  another 
argument  to  prove  that  VenusXxirns  round 
the  Sun  in  an  Orbit  that  is  within  the 
Earth’s,  becaufe  fhe  is  always  obfcrved 
to  keep  near  the  Sun,  and  in  the  fame 
quarter  of  the  Heavens  that  he  is  in,  ' 
never  receding  from  him  more  than 
about  T  of  a  whole  circle ;  and  there¬ 
fore  fhe  can  never  come  in  oppofition 
to  him ;  which  would  neceffarily  hap¬ 
pen,  did  fhe  perform  her  courfe  round 
the  Earth  either  in  a  longer  or  fhorter 
time  than  a  Year.  And  this  is  the 

reafon 

*  (5  Is  a  mark  commonly  ufed  for  conjunftion  :  thus 
i  with  theO>  is  to  be  read  conjunftionwith  the  Sun. 
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Why  Ve-  rcafoii  why  Ve?tus  is  never  to  be  feen 
rtis  IS  ai-  midniffht,  but  always  either  in  the 

WtlVS  Cl-  •  ^  ^ 

therour  Moming  or  Evening,  and  at  mofl:  not 
Morning  above  three  or  four  Hours  before  Sun- 
rifing  or  after  Sun-fetting.  From  the 
time  of  ?’s  fuperior  conjundfion  (or 
when  die  is  above  the  Sun)  die  is  more 
Eafterly  than  the  Sun,  and  therefore 
fets  later,  and  is  feen  after  Sun-fetting ; 
and  then  die  is  commonly  called  the 
Evening  Star,  But  from  the  time  of 
her  inferior  conjunftion,  till  die  comes 
again  to  the  fuperior,  die  then  appeal's 
more  Wefterly  than  the  Sun,  and  is 
only  to  be  feen  in  the  morning  before 
Sun-rifing,  and  is  then  called  the  Morn¬ 
ing  Star. 

After  the  fame  manner  we  prove 
that  Mercury  turns  round  the  Sun,  for 
he  always  keeps  in  the  Sun’s  neigh¬ 
bourhood,  and  never  recedes  fi'om  him 
fo  far  as  Venus  does ;  and  therefore  the 
Orbit  of  ^  mud  lie  within  that  of  ? ; 
and  on  the  account  of  his  nearnefs  to 
the  Sun,  he  can  feldom  be  feen  without 
a  Telefcope. 


obferved  to  come  in  oppofi- 
likewife  to  have  all  other  af- 
ciudes  the  pects  witli  the  Sun  y  he  always  preferves 

Earth’s.  J  r 

a  round. 
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a  round,  full,  and  bright  face,  except 
when  he  is  near  his  quadrate  afped:, 
when  he  appears  fomewhat  gibbous, 
like  the  Moon  three  or  four  Days  before  ' 
or  after  the  full :  Therefore  the  Orbit 
of  ^  muft  include  the  Earth  within  it, 
and  allb  the  Sun  for  if  he  was  betwixt 
the  Sun  and  us  at  the  time  of  his 
inferior  conjundion,  he  would  either 
quite  difappear,  or  appear  .horned,  as 
V mils  and 'the  Moon  do  in  that  pofition. 

Let  S  be  the  T  the  Rarth,  and 
A  P  Mars,  both  in  his  conjundion 
and  oppofition  to  the  Sun,  and  in  both 
pofitions,  full  3  and  B  C  Mars  -at  his 
quadratures,  when  he  appears  fome¬ 
what  gibbous  from  the  Earth  at  T. 

’Tis  plain  hence,  that  the  Orbit  of  Mars 
does  include  the  Earth,  otherwife  he 
could  hot  come  in  oppofition  to  the 
Sun  3  and  that  it  likewife  includes  the 
Sun,  elfe’  he  could  not  appear  full  at 
his  conjundion. 

Ala/'s  when  he  is  in  oppofition  to 
the  Sun,  looks  ‘almofl  feven  times 
larger  in  diameter  thaii  when  he  is  in 
conjundion  with  him,  and  therefore 
muft  needs  be  almoft  feven  times  nearer 
to  us  in  one  pofition  than  in  the  other 
for  the  apparent  magnitudes  of  far 
'  '  diftant 
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diftant  objefts  increafe  or  decreafe  in 
proportion  to  their  diftances  front  us  : 
'RntMars  keeps  always  nearly  at  the 
fame  diftance  from  the  Sun  ;  therefore 
it  is  plain  that  it  is  not  the  Earth,  but 
the  Sun,  that  is  the  center  of  his 
motion. 

It  is  proved  in  the  fame  way,  that 
Jupiter  and  Saturn  have  both  the  Sim 
and  the  Earth  within  their  Orbits,  and 
that  the  Sun,  and  not  the  Earth,  is  the 
center  of  their  motions  ;  altho’  the  dif- 
proportion  of  the  diflances  from  the 
Earth  is  not  fo  great  in  Jupiter^  as  it  is 
in  Mars,  nor  fo  great  m  Saturn,  as  it  is  in. 
Jupiter,  by  reafon  that  they  are  at  a 
much  greater  diftance  from  the  Sun. 

We  have  now  fhewn  that  all  the  Pla- 
'  nets  turn  round  the  Sun,  and  that  Mer-- 
'  cury  and  Venus  are  included  between 
him  and  the  Earth,  whence  they  are 
called  the  Inferior  Planets,  and  that  the 
Earth  is  placed  between  the  Orbits  of 
Mars  and  Venus,  and  therefore  included 
within  the  Orbits  of  Mars,  Jupiter,  and 
Saturn,  whence  they  are  called  the  Su¬ 
perior  Planets :  And  fince  the  Earth  is 
in  the  middle  of  thefe  moveable  bodies, 
and  is  of  the  fame  nature  with  them, 
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we  may  conclude  that  llie  has  the  lame 
fort  of  motions  but  that  fhe  turns 
round  the  Sun  is  proved  thus ; 


All  the  Planets  fcen  from  the  Earth  The  earth 
appear  to  move  very  unequally  as 
fometimes  to  go  faftcr,  at  either  times  ^ ‘‘.S 
j lower  j  lometimes  to  go  backwards  '■^und  the 
and  fometimes  to  be  ftationary,  or  not  to 
move  at  all;  which  could  not  happen 

O  Let  S  b^thef,;,  . 

A  pVk  *1'"  circle 

A  B  C  D  the  Orbit  of  Mars,  and  the 

numbers  i,  2,  3,  &c.  its  equable  mo¬ 
tion  round  the  Sun  ;  the  correfpondent 
numbers  i,  2,  3,  &c.  in  the  circle  it, 

O,  c,  d,  the  motion  of  Mars,  as  it  would 
be  feen  from  the  Earth.  It  is  plain 

0°"^.  I-V,®  pgure,  _  that  if  the  Earth 
itoodftill,  the  Motion  of  Tl/rtrr,  will  be 
always  progrellive,  (tho’  fometimes  very 
unequal ;)  but  fmee  obfervations  prove 
the  contrary,  it  necelfarily  follows,  that 
the  Earth  turns  round  the  Sun. 


The  annual  periods  of  the  Planets  The  An- 
ound  the  Sun  are  determined  by  care-  and 
tully  obferving  the  length  of  time 
Unce  their  departure  frL  a  cerlTn  oTr' 
point  m  the  Heavens,  (or  from  a  fix’d 
Star)  until  they  arrive  to  the  fame  again,  p^er""' 
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By  thefe  fort  of  obfervations  the  an- 
dents  determined  the  periodical  revo¬ 
lutions  of  the  Planets  round  the  Sun, 
and  were  fo  exa6l  in  their  computations, 
as  to  be  capable  of  predicling  Eclipfes 
of  the  Sun  and  Moon.  But  fmee  the 
invention  of  •  telefcopes,^  aftronomical 
obfervations  are  made  with  greater  ac- 
’  curacy  5  and  of  confecjuence,  oui  tables 
are  far  more  perfedf  than  thofe  of  the 
ancients.  And  in  order  to  be  as  exadt 
as  poffible,  aftronomers  compare  ob¬ 
fervations  made  at  a  great  diftance  of 
time  from  one  another,  including  fe- 
veral  periods;  .by  which  means,  the 
error  that  might  be  in  the  whole,  is  in 
each  period  Subdivided  into  fuch  little 
parts  as  to  be  inconfiderable.  Thus  the 
mean  length  of  a  Solar  Year  is  known, 
even  to  Seconds. 

I 

The  Diurnal  rotation  of  the  Planets 
round  their  axis,  was  difeovered  by 
certain  fpots  which  appear  on  the  fur- 
faces.  Thefe  fpots  appear  firft  in  the 
margin  of  the  Planet’s  dilk,  (or  the 
edge  of  their  furfaces)  and  feem  by 
degrees  to  creep  toward  their  middle, 
and  fo  on,  going  ftill  forward,  ’till  they 
come  to  the  oppofite  fide  or  edge  of 
ilie  dilk,  where  they  fet^  or  difappear  5 
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and  after  they  have  been  hid  for  the 
fame  fpace  of  time,  that  they  were  vi^ 
fible,  they  again  appear  to  rife  in  or 
near  the  fame  place,  as  they  did  at  fird, 
then  to  creep  on  progreffively,  taking 
the  fame  courfe  as  they  did  before. 
Thefe  fpots  have  been  obferved  on  the 
fiirfaces  of  the  Su?i,  Venus ^  Marsy  and 
fiipiter ;  by  v/hich  means  it  has  been 
found  that  thefe  bodies  turn  round  their 
own  axis,  in  the  times  before-menti^ 
oned.  It  is  very  probable  that  Merau'y 
and  Saturn  have  likewife  a  motion  round 
their  axis,  that  all  the  parts  of  their 
furface  may  alternately  enjoy  the  light 
and  heat  of  the  Sun,  and  receive  fuch 
changes  as  are  proper  and  convenient 
for  their  nature.  But  by  reafon  of  the 
nearnefs  of  ^  to  the  Sun,  and  i?’s 
immenfe  difcance  from  him,  no  obfer- 
vations  have  been  hitherto  made  where¬ 
by  their  fpots  (if  they  have  any)  could 
be  difcovered,  and  therefore  their  Diur¬ 
nal  motions  could  not  be  determined. 
The  Diurnal  motion  of  the  Earth  is 
computed  from  the  apparent  revolu¬ 
tion  of  the  Heavens,  and  of  all  the  Stars 
round  it,  in  the  fpace  of  a  natural  Day. 
The  Solar  fpots  do  not  always  remain 
the  fame,  but  fometimes  old  ones  vanifh, 
and  afterwards  others  fucceed  in  their 
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room ;  fomctimes  feveral  fmall  ones  ga¬ 
ther  together  and  make  one  large  fpot, 
and  fometimes  a  large  fpot  is  feen  to  be 
^  divided  into  many  Imall  ones.  But,  not- 
'  withfl'anding  thefe  changes,  they  all  turn 
round  with  the  Sun  in  the  fame  time. 

How  the  relative  diflances  of  the  Planets 

rp]  'Itl  VP 

diftances  fi'om  the  Sun,  and  likewife  from  each 
of  the  other,  are  determined  by  the  following 
methods  :  Firft,  the  diftance  of  the 
Sun  are  two  inferior  Planets  5  and  ?  from  the 
dcnermin-  ill  I'efpedl  of  the  Earth’s  dilbance 
from  him,  is  had  by  obferving  their 
greateib  Elongation  from  the  Sun  as 
they  are  feen  from  the  Earth. 

5*  The  greateft  Elongation  of  Ve?ius  is 
aonf"*'  found  by  obfervation  to  be  about  48 
degrees,  which  is  the  angle  ST?; 
whence,  by  the  known  rules  of  Trigo- 
■  nometry,  the  proportion  of  S  ? ,  the 
mean  diftance  of  Venus  from  the  Sun 
to  S  T,  the  mean  diftance  of  the  Earth 
from  him  may  be  eafily  found.  After 
the  fame  manner,  in  the  right-angled 
triangle  S  T  ^ ,  may  be  found  the 
diftance  S  ?  of  Mercury  from  the  Sun. 
And  if  the  mean  diftance  of  the  Earth 
from  the  Sun  S  T  be  made  1000,  the 
mean  diftance  of  Venus  S  ?  from '  the 
4  Sun 
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Sun  will  be  723  ;  and  of  Mercury  S  ^  ^ 
387  :  And  if  the  Planets  moved  round 
the  Sun  in  circles,  having  him  for  their 
center,  the  diftances  here  found  would 
be  always  their  true  diftances  :  But  as 
they  move  in  Ellipfes,  their  diftances 
from  the  Sun  wdll  be  fometimes  greater, 
and  fometimes  lefs.  Their  Excentricities 
are  computed  to  be  as  follows,  viz. 


Excent.  of 


Mercury 

Venus 

Earth 


8o' 

5  • 

16,9. 


of  the  parts 
above-men¬ 
tioned. 


The  diftances  of  the  fuperior  Planets, 
viz.  and  are  found  by  com¬ 

paring  their  true  places,  as  they  are 
leen  from  the  Sun,  with  their  apparent 
places,  as  they  are  feen  from  the  Earth. 

Let  S  be  the  Sun,  the  circle  ABC  the 
Earth’s  orbit,  A  G  a  line  touching  the 
Earth’s  orbit,  in  which  we’ll  fuppofe 
the  fuperior  Planets  are  feen  from  the 
Earth  in  the  points  of  their  orbits  ^ , 

V ,  ^  ;  and  let  D  E  F  G  be  a  portion 
of  a  great  circle  in  the  Heavens,  at  an 
infinite  diftance  :  Then  the  place  of 
Mars  feen  from  the  Sun  is  D,  which  is  HeUocen-^ 
called  his  true,  or  Helioceiitric  Place  ;  . 

but  from  the  Earth,  he  will  be  feen  in  pialTj^^ 
Gy  which  is  called  his  apparent, 

C  2  Geo^ 
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Geocentric  Place.  So  likewife  yupifcr 
and  Saturn  will  be  feen  from  the  Sun 
in  the  points  E  and  F,  their  Heliocen¬ 
tric  places ;  but  a  fpe6lator  from  the 
Earth  will  fee  them  in  the  point  of  the 
Heavens  G,  which  is  their  Geocentric 
place.  The  arches  DG,  EG,  EG,  the 
differences  between  the  true  and  appa¬ 
rent  places  of  the  fuperior  J^lanets,  are 
called  the  Parallaxes  of  the  Earth’s  an¬ 
nual  Orb,  as  feen  from  thefe  Planets. 
If  thro’  the  Sun  we  draw  SH  parallel  to 
AG,  the  angles  A S,  A  S,  A^S, 
will  be  refpectively  equal  to  the  angles 
DSH,  ES,H,  and  FSH;  and  the 
angle  AGS  is  equal  to  the  angle 
GSH,  whofe  meafure  is  the  arch  GH; 
which  therefore  vv^ill  be  the  meafure  of 
the  angle  AGS,  the  angle  under  which 
the  femidiameter  A  S  of  the  Earth’s 
orbit,  is  leen  from  the  Starry  Heavens. 
But  this  femidiameter  is  nothing  in  re- 
ipe(fl:  of  the  immenfe  diflance  of  the 
Heavens  or  Fixed  Stars ;  for  from  thence 
it  would  appear  under  no  fenfible  an¬ 
gle,  but  look  like  a  point.  And  there¬ 
fore  in  the  Fleavens,  the  angle  GSH, 
or  ^  the  arch  G  H  vanifhes  j  and  the 
Points  G  and  H  coincide;  and  the 
arches  D  H,  EH,  FH,  may  be  con- 
fidered  as  being  of  the  fame  bignels 

with 
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with  the  arches  D  G,  EG,  and  F  G, 
which  are  the  meafures  of  the  angles 
A  <3^  S,  A  i;  S,  A  b  S  j  which  angles 
are  nearly  the  greateil  elongation  of 
the  Earth  from  the  Sun,’  if  the  Earth 
be  obferved  from  the  relpe61;ive  Planets, 
when  the  line  G  b  ^  A,  touches  the 
Earth’s  orbit  in  A.  The  nearer  any  of 
the  fuperior  Planets  is  to  the  Sun,  the 
greater  is  the  Parallax  of  the  annual 
Orb,  or  the  angle  under  which^  the 
femidiameter  of  the  Earth  s  orbit  is 
feen  from  that  Planet.  In  Mars  the 
angle  A  ^  S,  (which  is  the  vifible  enlon- 
gation  of  the  Earth  feen  from  Mars,  or 
the  Parallax  of  the  annual  Orb  feen 
from  that  Planet)  is  about  42  degrees, 
and  therefore  the  Earth  is  always  to  the 
inhabitants  of  Mars  either  their  Morn¬ 
ing  or  Evening  Star,  and  is  never  feen 
by  them  fo  far  dilfant  from  the  Sun  as  we 
fee  Venus.  The  greateft  elongation  of 
the  Earth  feen  from  fupiter,  being  near¬ 
ly  equal  to  the  angle  A  "4  S,  is  about  1 1 
degrees.  In  Saturn  the  angle  A  b  S  is 
but  6  degrees,  which  is  not  much  above 
4  part  of  the  greateft  elongation  we  ob- 
ferve  in  Mercury.  And  fince  Mercury  is 
fo  rarely  feen  by  us,  probably  the  aftro^ 
nomers  of  Satuni  (except  they  have  bet¬ 
ters  Optics  than  we  have)  have  not  yet 

c  3  dif- 
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difcovercd  that  there  is  fuch  a  body  as 
our  Earth  in  the  Univerfe. 

The  Parallax  of  the  annual  Orb,  or 
the  greateft  elongation  of  the  Earth’s 
orbit  feen  from  any  of  the  fuperior  Pla¬ 
nets,  being  given  j  the  diftance  of  that 
Planet  from  the  Sun,  in  refpedt  of  the 
Earth’s  diftance  from  him,  may  be 
found  by  the  fame  methods  as  the  dif- 
tances of  theinferiorPlanets  were.  Thus, 
to  find  the  diftance  of  Mars  from  the 
Sun,  it  will  be  as  the  Sine  of  the  angle 
S  (?  A  is  to  the  Radius^  fo  is  the  diftance 
A  S  (the  diftance  of  the  Earth  from  the 
Sun)  toS  S  ,  the  diftance  from  the  Sun 
to  Mars.  After  the  fame  manner  the 
diftances  of  Jupiter  and  Saturn  are  alfb 
found .  The  mean  diftance  of  the  Earth 
from  the  Sun  being  made  looo,  the 
mean  diftances  of  the  fuperior  Planets 
from  the  Sun  are,  viz,  the  mean  diftance 
from  the  Sun  of 

f  1524 
•s  V-  5201 
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To  which,  if  you  add  or  fubtradt  their 
mean  diftances,  we  fhall  have  the  greats 
eft  or  leaft  diftances  of  thofe  Planets 
from  the  Sun, 


f  hO 

-and  the  Excentricity^  2 50  I 
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There  are  other  methods  by  which 
the  relative  diilances  of  the  Planets  might 
be  founds  but  that  which  hath- been 
here  illuilrated,  is  fufficienr  to  evince 
the  certainty  of  that  Problem. 

Hitherto  we  iiave  only  confidered  the 
diftances  of  the  Planets  in  relation  to  Jiitances 
one  another,  without  determining  tl tern 
by  any  known  meafure;  but  in  order  to  the  Sun 
find  their  abfolute  diftances  in  fome  de-  are  com- 
terminate  meafure,  there  mull  be  fome-- 
thing  given,  whofe  meafure  is  known. 

Now  the  circumference  of  the  Earth  is,, 
divided  into  360  degrees,  and  each  or 
thefe  degrees  into  60  Geographical 
miles,  fo  that  the  whole  circumference 
contains  216005  and  by  the  known  \^o'^ 
portion  for  finding  the  diameter  of  a  cii^ 
cle  from  its  circumference,  the  Earth’s 
diameter  will  be  found  to  be  6872 
miles,  and  its  femidiameter  3436  nubs. 

The  Parallax  of  the  Earth’s  femKlia-^f;i^^ 
meter,  or  the  angle  under  winch  it  is  Ear/ky 
feen  from  a  certain  Planet,  may  he  fouml 
by  comparing  the  true  place  or  the  tid.- 
net,  as  it  would  be  leen  from  the  centei 
of  the  Earth  (which  is  known  by  com¬ 
putation)  with  its  apparent  place,  as^  it 
is  feen  from  fome  point  on  the  Earth’s 
furface.  Let  CZA  be  the  Earth,  ZC  its  Fig.  7- 
'  '  -  -c  4  •  •  -femL 
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femidiameter,  0  fome  Planet,  and  BHT 
arch  of  a  great  circle  in  the  Heavens, 
at  an  infinite  diftance.  Now  the  Pla¬ 
net  0  will  appear  from  the  Earth’s  cen¬ 
ter  C,  in  the  point  of  the  Heavens  H ; 
but  a  fpedlator  from  the  point  Z  upon 
the  Earth’s  furface,  will  fee  the  fame 
pbjedf:  0  in  the  point  of  the  Heavens  B ; 
and  the  arch  BH  the  difference,  is  e- 
qual  to  the  angle  B  0  K=Z  0  C,  the 
Parallax  which  being  known,  the  fide 
C  0  the  diflance  of  the  Planet  from  the 
center  of  the  Earth,  at  that  time,  may 
be  eafily  found.  Now  if  this  dilfance 
of  the  Planet  from  the  Earth  be  deter¬ 
mined,  when  the  centers  of  the  Sun,  the 
faid  Planet,  and  of  the  Earth,  are  in  the 
fame  right  line,  we  have  the  abfolute 
diftance  of  the  Planet’s  orbit  from  the 
Earth’s  in  known  meafure  j  then  it  will 
be,  as  the  relative  diflance  betwixt  the 
Earth’s  orbit  and  that  of  the  Planet  is 
to  the  relative  diftance  of  the  faid  Planet 
from  the  Sun  ;  fo  is  the  diflance  of  the 
Planet’s  orbit  from  the  Earth’s  in  known 
meafure  to.  the  diflance  of  the  faid  Pla¬ 
net  from  the  Sun  in  the  fame  meafure  : 
Which  being  known,  the  diflance  of 
all  the  other  Planets  from  the  Sun  may 
be  found.  For  it  will  be,  as  the  relative 
diflance  of  any  Planet  from  the  Sun,  is 
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to  its  diilance  from  him  in  a  known 
nicafure  3  fo  is  the  relative  diftance  of 
any  other  Planet  from  him  to  its  dif¬ 
tance  in  the  fame  meafure.  This  may 
be  done  by  finding  the  diftance  of  the 
Planet when  he  is  in  oppofition 
to  the  Sun,  after  the  fame  manner  as 
we  find  the  diftance  of  a  tree,  or  the 
like,  by  two  ftations. 

Let  ?  be  Mars^  D  the  point  on  the 
Earth’s  fuperficies,  where  Mars  is  verti¬ 
cal  when  he  is  in  oppofition  to  the  Sun, 
which  may  be  found  exadlly  enough  by 
calculation,  at  which  time  let  an  ob- 
ferver,  at  the  point  Z  (whofe  fituation 
from  D  muft  be  known)  take  the  alti¬ 
tude  of  Mars,  whofe  complement  will 
be  the  angle  Z  R  ;  then  in  the  trian¬ 
gle  ZC  will  be  given  the  angle  s  ZC, 
the  angle  C  (whofe  meafure  is  the  arch 
DZ)  and  confequently  tlie  angle  XsC 
the  Parallax,  and  alfo  the  fide  Z  C  the 
femidiameter  of  the  Earth  5  by  which  we 
may  find  C  S  the  diftance  of  Mars  from 
the  Earth.  The  extreme  nicety  requir¬ 
ed  in  this  obfervation,  makes  it  very 
difficult  to  determine  the  exadl  diftances 
of  the  Planets  from  the  Sun ;  but  tlie 
celebrated  Dr.  Halley  has,  in  the  Philo- 
fophical  Tranfa^lions,  Ihewcd  us  a  more 

cer- 
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certain  method  for  finding  the  difiiances 
of  the  Planets  i  which  is,  by  obferving 
the  Tranfit  of  Venus  over  the  Sun. 

The  eye  judgeth  of  the  magnitudes 
of  far  diffant  obje<5ls,  according  to  the 
quantities  of  the  angles  under  which 
they  are  feen  (which  are  called  their  ap¬ 
parent  magnitudes;)  and  thefe  angles 
appear  greater  or  lefs  in  a  certain  pro¬ 
portion  to  their  diftances.  Wherefore 
the  diftances  of  the  Planets  from  the 
Earth,  and  their  apparent  diameters 
being  given,  their  true  diameters  (and 
from  thence  their  magnitudes)  may  be 
found.  How  the  diftances  of  the  Planets 
may  be  found  has  been  already  fhewn ; 
their  apparent  diameters  are  found  by  a 
telefcope,  having  a  machine  fixed  to  it 
for  meafuring  of  angles,  called  a  Mi¬ 
crometer.  Let  BD,  or  the  angle  BAD, 
be  the  apparent  diameter  of  any  Planet, 
and  AB,  or  AD,  (which  by  reafon  of  the 
great  diftance  of  the  Planets  in  refpedl 
of  their  magnitudes)  may  be  confidered 
as  being  the  diftance  of  the  faid  Planet 
from  the  obferver.  Now  in  the  tri¬ 
angle  ABD,  having  the  fides  AB,  AD, 
given,  and  the  angle  A,  we  have  alfo 
the  other  angles  B  and  D  (becaufe  the 
fides  AB,  AD,  are  equal)  whence  the 

fide 
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fide  BD  the  diameter  of  the  Planet  may 
be  eafily  found  by  Trigonometry. 

From  hence  it  appears,  that  the  fame 
body  at  different  diftances,  will  feem  to 
have  very  different  magnitudes.  Thus 
the  diameter  BD  will  appear  from  the 
point  E,  to  be  twice  as  large  as  from  the 
point  A.  It  alfo  follows,  that  a  fmall 
body,  when  at  no  great  diflance  from  us, 
may  appear  to  be  equal,  or  even  to  ex¬ 
ceed  another  at  a  greater  diflance,  though 
immenfely  bigger.  Thus  b  d  appears 
under  the  fame  angle,  and  confequent- 
ly  of  the  fame  bignefs  from  the  point  A, 
that  the  line  BD  doth,  though  one  vaflly 
exceeds  the  other.  And  this  is  the  rea-  why  the 
fon  why  the  Moon,  which  is  much  lefs  Moon  ap. 
than  any  of  the  Planets,  appears  to  us  p^tha?' 
vaflly  bigger  than  either  of  them,  and  any  of  the 
even  to  equal  the  Sun  himfelf,  which  is 
many  thoufand  times  greater  in  mag¬ 
nitude. 

The  diflances  of  the  Planets,  and 
periods  round  the  Sun,  their  diameters 
and  velocities  round  their  own  axis, 
according  to  modern  computations,  are 
as  follows ; 


Bciturn 


The  INTRODUCTION. 


DiRance  in 

- 

• 

Y.  D.  H. 

Miles. 

i^afiirn 

^29:167:22 

777.000.000 

"Jupiter 

— '  X) 

td 

3  rt 

1 1:3 14:12 

424. 000.000 

Mars 

0  G- 

r  'u> 

<U  *-1 

1:321:23 

123.000.000 

Earth 

0:365:  6 

81.000.000 

Venus 

'0  •« 

0:224:16 

59.060.0co 

Mercury  ^ 

Pi  ^ 

.  0:  87:23 

32.000.000 

.  C Round  the^D.H.M. 

Earth  3277:43  ^ 

Sim 

Periods  round 
their  ownaxes. 
D.  H.  M. 
25  :  6  :  0 

Diameters 
in  Engliflt 
Miles. 
763.000 

Saturn 

61.000 

Jupiter 

0  :  9  :  56' 

81.000 

Mars 

I  :  0  :  40 

4.440 

Earth 

0  :  23  :  56 

7.970 

V mus 

24  :  8  :  0 

7.900 

Mercmy 

4.240 

Moon 

27  •  7  •  43 

2.170 

The  caufe  of  Eclipfes  and  Phafis  of 
the  Moon,  and  fome  other  phaenome- 
na  not  here  explained,  fltall  be  flrewed 
when  we  come  to  give  a  Defeription  of 
the  Orrery. 
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Befides  the  Planets  already  mention¬ 
ed,  there  are  other  great  bodies  that 
fometimes  vilit  our  fyftem,  which  are 
a  fort  of  temporary  Planets  ; '  for  they 
come  and  abide  with  us  for  a  while; 
and  afterwards  withdraw  from  us,  for  a 
certain  l]^ace  of  time,  after  which  they 
again  return.  Thefe  wandering  bodies 
are  called  Comets,  ' 

The  motion  of  Comets  in  the  Hea-  o^Comas 
vens,  according  to  the  beft  obfervations 
hitherto  made,  feem  to  be  regulated  by 
the  fame  immutable  law  that  rules  the 
Planets  ;  for  their  orbits  are  elliptical, 
like  thofe  of  the  Planets,  but  vaftly 
narrower,  or  more  excentric.  Yet  they 
have  not  all  the  fame  dire(5fion  with 
the  Planets,  who  move  from  Weft  to 
p]aft,  for  fome  of  the  Comets  move  from 
Eaft  to  Weft  3  and  their  orbits  have 
different  inclinations  to  the  Eartlf  s  or¬ 
bit;  fome  inclining  Northwardly,  others 
Southwardly;  much  more  than  any  of 
the  Planetary  orbits  do, 

Altho’  both  the  Comets  and  the  Pla¬ 
nets  move  in  elliptic  orbits,  yet  their 
motions  feem  to  bevaftly  different:  For 
the  excentricities  of  the  Planet’s  orbits 
are  fo  fmall,  that  they  differ  but  little 
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from  circles  ;  but  the  excen tricities  of 
the  Comets  are  fo  very  great,  that  the 
motions  of  fome  of  them  feem  to  be 
almoft  in  right  lines,  tending  diredtly 
towards  the  Sun. 

Now,  fince  the  orbits  of  the  Comets 
are  fo  extremely  excentric,  their  moti¬ 
ons,  when  they  are  in  their  Ferihelia^  or 
neared:  diftance  from  the  Sun,  muft  be 
much  fwifter  than  when  they  are  in 
their  Aphelia,  or  fartheft  diftance  from 
him ;  which  is  the  reafon  why  the  Co¬ 
mets  make  fo  fliort  a  flay  in  .our  fyf- 
tem ;  and  when  they  difappear,  are  fo 
long  in  returning. 

The  figures  of  the  Comets  are  ob- 
lerved  to  be  very  different ;  fome  of  them 
lend  forth  fmall  beams,  like  hair,  every 
way  round  them ;  others  are  feen  with 
a  long  fiery  tail,  which  is  always  oppo- 
lite  to  the  Sun.  Their  magnitudes  are 
alfo  very  different,  but  in  what  propor¬ 
tion  they  exceed  each  other,  it  is  as  yet 
uncertain.  Nor  is  it  probable,  that  their 
numbers  are  yet  known,  for  they  have 
not  been  obfeiwed  with  due  care,  nor 
their  theories  difcovered,  but  of  late 
years.  The  ancients  were  divided  in 
their  opinions  concerning  them  5  fome 
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imagined  that  they  were  only  a  kind  of 
Meteors  kindled  in  our  atmofphere,  and 
were  there  again  dilTipated  j  others  took 
them  to  be  fome  ominous  prodigies : 
But  modern  difcov^eries  prove,  that  they 
are  Worlds  fubje6l  to  the  fame  laws  of 
motion  as  the  Planets'  are;  and  they 
muft  be  very  hard  and  durable  bodies, 
elfe  they  could  not  bear  the  vaft  heat 
that  fome  of  them,  when. they  are  in 
Perihelia^  received  from  the  Sun, 
without  being  utterly  confumed.  The 
great  Comet  which  appeared  in  the  year 
i68o,  was  within  4.  part  of  the  Sun’s 
diameter  from  his  furface  ;  and  there¬ 
fore  its  heat  muft  be  prodigioufly  in- 
tenfe  beyond  imagination.  And  when 
it  is  at  its  greateff  diftance  from  the 
Sun,  the  cold  muft  be  as  rigid. 
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SECT.  II. 

Of  the  Fixed  Stars. 

f"  1“^  H E  fixed  Stars  are  thofe  bright 
^  and  fhming  bodies,  which  in  a 
clear  night  appear  to  us  every  where 
difpcrfed  through  the  boundlefs  regions 
of  fpace.  They  are  termed  fixed,  becaufe 
they  are  found  to  keep  the  fame  immut¬ 
able  diftance  one  from  another  in  all 
ages,  without  having  any  of  the  mo- 
The  fixed obferved  in  the  Planets.  The 
ftars  are  at  fixed  Stars  are  all  placed  at  fuch  im- 
immenfe  n;jenfe  diftances  from  us,  that  the  befl 
fro“uI  of  telefcopes  reprefent  them  no  bigger 
than  points,  without  having  any  appa- 
rent  diameters. 

The  fixed  It  is  evident  from  hence,  that  all  the 
Stars  are  stars  are  luminous  bodies,  and  fliine 
bodieT'''  with  their  own  proper  and  native  light, 
like  the  elfe  they  could  not  be  feen  at  fuch  a 
Sun.  great  diflancc.  P'or  the  Satellites  of 
fipiter  and  Saturn^  tho’  they  appear 
under  confiderable  angles  through  good 

tele- 
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telefcopes,  yet  are'altogether  invifible  to 
the  naked  eye. 

j 

Although  the  dlftance  betwixt  us  and 
the  Sun  is  vaftiy  large,  when  compar¬ 
ed  to  the  diameter  of  the  Earth,  *  yet  it 
is  nothing  when  compared  with  the 
prodigious  diftance  of  the  fixed  Stars  5 
for  the  whole  diameter  or  the  Earth’s 
annual  orbit,  appears  from  the  neared: 
fixed  Star  no  bigger  than  a  point,  and 
the  fixed  Stars  are  at  lead:  100,000 
times  farther  from  us  than  we  are  from 
the  Sun;  as  may  be  demonflrated  from 
the  obfei-vation  of  'thofe  who  have  en¬ 
deavoured  to  find  the  Parallax  of  the 
Emrth’s  annual  Orb,  or  the  angle  under 
which  the  Earth’s  orbit  appears  from 
the  fixed  Stars. 


The  ci;f. 
taiice 
from  us 
to  the  Sua 
is  nothing 
in  compa- 
rifon  of 
the  vaif 
diftance 
of  the 
fixed 
Stars. 


Hence  it  follows,  that  tho’.  We  ap-  As  to  ap¬ 
proach  nearer  to.  'foine  fixed  Stars  at 
one  time  of  the  year  than  we  do  at  the  may  be 
oppofite,  and  that  by  the  whole  length 
of  the  diameter  of  .the  Earth’s  orbit ;  the  center 
yet  this  didiance  being  fo  fmall  in  com-  of  the 
parifon  with  the  diftance  of  the  fixed 
Stars,  their  magnitudes  or  pofitions  caii^ 
not  thereby  be  fenlibly  altered ;  there¬ 
fore  we  may  always,  without  error,  fup- 
pofe  ourfelves  to  be  in  the  fame  center 
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of  the  Heavens,  fince  we  always  have 
the  lame  vifible  profpe^t  of  the  Starsr 
without  any  alteration. 

If  a  fpeftator  was  placed  as  near  to 
any  fixed  Star,  as  we  are  to  the  Sun,  he 
would  there  obfeiwe  a  body  as  big,  and 
evei*y  way  like,  as  the  Sun  appears  to 
The  fixed  US  *.  and  ouF  Suii  would  appear  to  him 

doubtedly  he  would  reckon  the  Sun  as 
one  of  them  in  numbering  the  Stars. 
Wherefore  fmce  the  Sun  differeth  no¬ 
thing  from  a  fixed  Star,  the  fixed  Stars 
may  be  reckoned  fo  many  Suns. 

It  is  not  reafonable  to  fuppofe  that 
all  the  fixed  Stars  are  placed  at  the  fame 
Jtars^^-e^  diftance  from  us ;  but  it  is  more  pro- 
at  vaft  bable  that  they  are  every  where  inter- 
diftances  fperfed  thro’  the  vaft  indefinite  fpace  of 
otherT^^  the  univerfe ;  and  that  there  may  be  as 
great  a  diftance  betwixt  any  two  of 
them  as  there  is  betwixt  our  Sun  and  the 
neareft  fixed  Star.  Hence  it  follows, 
why  they  appear  to  us  of  different  mag¬ 
nitudes,  not  becaufe  they  really  are  fo, 
but  becaufe  they  are  at  different  diftan- 
ces  from  us ;  thofe  that  are  neareft  ex- 
/  celling  in  brightnefs  and  luftre  thofe 
that  are  moft  remote,  who  give  a  faint- 
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er  light,  and  appear  fmaller  to  the 
eye. 
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The  aftronomers  diftribute  the  Stars 
into  feveral  orders  orclafles;  thofe  that  of  tile 
are  neareft  to  us,  and  appear  brighteft  Stars  into 
to  the  eye,  are  called  Stars  of  the  firfl  ^ 
magnitude;  thofe  that  are  neareft  to 
them  in  brightnefs  and  luftre,  are  call¬ 
ed  Stars  of  the  fecond  magnitude;  thofe 
of  the  third  clafs,  are  filled  Stars  of  the 
third  magnitude ;  and  fo  on,  until  we 
come  to  the  Stars  of  the  fixth  magni¬ 
tude,  which  are  the  fmalleft  that  can  be 
difcerned  by  the  naked  eye.  There  are 
infinite  numbers  of  fmaller  Stars,  that 
can  be  feen  through  telefcopes ;  but  thefe 
are  not  reduced  to  any  of  the  fix  orders, 
and  are  only  called  Telefcopical  Stars,  Of  pit- 
It  may  be  here  obferved,  that  tho' 
aftronomers  have  reduced  all  the  Stars 
that  are  vifible  to  the  naked  eye,  into 
fome  one  or  other  of  thefe  clafles,  yet 
we  are  not  to  conclude  from  thence, 
that  all  the  Stars  anfwer  exactly  to  fome 
or  other  of  thefe  orders ;  but  there  may 
be  in  reality  as  many  orders  of  the 
Stars,  as  they  are  in  number,  few  of 
them  appearing  exactly  of  the  fame 
bignefs  and  luftre. 
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\he  ancient  allTpnomers,  that  they 
might  diftingiiifli  the  Stars,  in  regard  to 
their  fituation  and  pofition  to  each  d- 
'  ther,  divided  the*  whole  ftarry  firma- 
*  ■’  me-ntintp  feverai  ypierijms,  or  fyflems  of 
t,.  ‘  Stars,  Qonfiiling  of  thofe  tliat  are  near 
to  one  another.  '  Thefe  Aflerifms . 

1  he  Stars  called  CcnJlellatlonSy  ami  are  digeiled  into 

into  con-  tnc  ioi_ms  oi  loinc  animals  i  as  IVTen, 
fteiiadons  Lions,  Bears,  Serpents,  aV.  or  to  the 
images  of  fome  known  things ;  as,  of  a 
Crown, ^  aTIarp,  a  Triangle,  ^c.. 

The  flaiTy  firmament  was  divided  by 
the  ancients  into  48  images,  or  con- 
iLellations^;  twelve  of  which  they  placed 
in  that. part  of  the' Heavens  wherein 
are  the.  planes  of  the  Planetary  orbits  j 
Zodiac,  which  part  is  called  the  Zodiac y  becaufe 
moil  of  the  conflellations  placed  therein 
refemble  fpme  living  creature.  The  tw^o 
regions  of  the  Heavens  that  ai*e  on  each 
fide  of  the  ZodiaCy  are  called  the  North 
and  South  parts  of  the  Heavens. 

iatTo!!f '  '  Cpnftellations  within  the  Zodiac 

withinthe  •  A^tcSy  the  ^a?fi  j  2.  Ti^auvuSy  the 
Zodiac.  Bull-y  3^.  Gemini y  the  4..  Ca/r^ 

eery  ^\^Crab^y  S-  Leoy  t\\Q  Lion -y  6. 
VirgOy  the  Virgin ;  7.  Libray  the  Ba^ 
lance  y  8.  Scorpio y  the  Scorpion  y  9.  Sa¬ 
gittal 
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gittarius^  \\\^  Archer  \  lo.  Cap  A  cornu 
the  Goat  j  1 1 .  Aquarius, >  the  Water- 
Bearer  ;  and,  1 2 .  Pifees,  tlie  'Fifes. 

r 

4  ■ 

The  conftellations  on  the  North  fide  Northern 
of  the  Zodiac  are  Twenty-one,-  Az. 
the  Little  Bear  Great  Bear-,  the 
Dragon ,  Cepheus,  a  king  of  Ethiopia ; 

Bootes,  the  keeper  of  the  Bear’,  the 
Northern  Crown ;  Hercules  with  his  Club,  , 

watching  the  Dragon ;  the  Harp ;  the 
S%uan ;  Cafiopeia ;  Perfius ;  A?idromeda 
the  Priangle  j  Auriga  ;  Pegafus,  or  the 
Flying  Horfe  Equuleus  j  the  Dolphin ; 
the  Arrow  j  the  Eagle ;  Sejpentarius  ; 
and  the  3erpe?it, 

The  conftellations  noted  by  the  an-  Southern 
dents  on  the  South  fide  of  the  Zodiac,  cy^fteiia- 
were  fifteen,  viz.  the  Whale ;  the  ri¬ 
ver  Eridanus ;  the  Hare  j  Orion  ;  the 
Great  Dog  j  Little  Dog ;  the  Ship  Ar^ 
go  ;  Hydra  j  the  Centaur  j  the  Cup  ;  the 
.  Ci'ow  ;  the  Wolf-,  the  Altar  3  the  South¬ 
ern  Crown’,  t]iQ  Southern  Fif.  To 

thefe  have  been  lately  added  the  follow^- 
ing,  viz.  The  Pheemx ;  the  Crane ; 
the  Peacock  3  the  Indian  3  the  Bird  of 
Paradife  3  the  Southern  Fri angle  3  the 
Fly  3  Camcleon  3  the  Flying  Fif  3  Foucan, 
or  the  American  Goofe  3  the  Water  Ser- 
^  D  3  pent. 
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pent,  and  the  Sword  Ftjh,  The  an¬ 
cients  placed  thofe  particular  conflella- 
tions  or  figures  in  the  Heavens,  either 
to  commemorate  the  deeds  of  fome 
great  man,  or  fome  notable  exploit 
or  action ;  or  elfe  took  them  from  the 
fables  of  their  religion,  And  the 

modern  aftronomers  do  'ftill  retain 
them,  to  avoid  the  confufion  that  would 
arife  by  making  new  ones,  when  they 
compare  the  modern  obfervations  with 
the  old  ones. 


Spme  qf  the  principal  Stars  have  par¬ 
ticular  names  given  them,  as  Syrius, 
Ar5iurus,  There  are  alfb  leveral 
Stars  that  are  not  reduced  into  conftel- 
F»fi>rmed  lations,  and  thefe  are  called  Unformed 
Stars,  ^ 


The  Ga¬ 
laxy,  or 
Milky 
fray. 


Befides  the  Stars  vifible  to  the  naked 
eye,  there  Js  a  very  remarkable  fpace 
in  the  Heavens,  called  the  Galaxy,  or 
Milky  Way.  This  is  a  broad  circle  of  a 
whitifh  hue,  like  milk,  going  quite 
round  the  whole  Heavens,  and  confift- 
ing  of  an  infinite  number  of  imall  Stars, 
vifible  thro’  a  telefcope,  tho’  not  difcern- 
able  by  the  naked  eye,  by  reafon  of  their 
exceeding  faintnefs ;  yet  with  their  light 
they  combine  to  illuftrate  that  part  of 

the 
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the  Heavens  where  they  are,  and  to 
caufe  that  fhining  whitenefs. 

The  places  of  the  fixed  Stars,  or  their 
relative  fituations  one  from  anothei, 
have  been  carefully  obferved  by  aftro- 
nomers,  and  digefted  into  catalagues. 
The  fil'd:  among  the  Greeks^  who  redurr 
ced  the  Stars  into  a  catalogue,  was  Hyp- 
parchus,  who,  from  his  own  obfervati-^ 
ons,  and  of  thofe  who  lived  befoie  him, 
inferted  1022  Stars  into  his  catalogue, 
about  120  years  before  the  Chriftian 
Mr  a :  This  catalogue  has  been  fince  en¬ 
larged  and  improved  by  feveral  learned 
men,  to  the  number  of  3000,  of  which 
there  are  a  ereat  many  telefcopical,  and 
not  to  be  difcerned  by  the  naked  eye  ; 
and  thefe  are  all  ranked  in  the  catalogue 
as  the  Stars  of  the  feventh  magnitude. 

It  may  feem  ftrange  to  fome,  that 
there  are  no  more  than  this  number  of 
Stars  vifible  to  the  naked  eye ;  for  fome- 
times  in  a  clear  night  they  feem  to  be 
innumerable :  but  this  is  only  a  decep¬ 
tion  of  our  fight,  arifing  from  their  ve¬ 
hement  fparkling,  while  we  look  upon 
themconfufedly,  without  reducing  them 
into  any  order ;  for  there  can  feldom 
be  feen  above  1000  Stars  in  the  whole 
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Ueaveris  with  the  naked  eye  at  the  i'ame 
time ;  and  if  we  fliould  difcindly  view 
them,  we  iliall  not  find  many  but  what 
are  inferred  upon  a  good  CeleJiialQXoht. 

Altho’  the  number  of  Stars  that  car; 
be  difcerned  by  the  naked  eye  are  fo 
few^,  yet  it  is  probable  there  arc  many 
more  which  are  beyond  the  reach  of  our 
optics,  for  through  telefcopes  they  ap¬ 
pear  in  vaff  multitudes,  every  where 
difperfed  throughout  the  whole  Hea¬ 
ven  ;  and  the  better  cTur  glaffes  are,  the 
more  of  them  we  ftill  difcover.  The  in¬ 
genious  Dr.  Hook  has  obferved  yS  Stars 
in  the  Pleiades^  of  which  the  naked  eve 
is  never  able  to  difcern  above  y  ;  and  in 
Orion,  which  has  but  So  Stars  in  the 
Britifi  catalogue  (and  fome  of  them 
telefcopical)  there  has  been  numbered 
2000  Stars. 

•»  I 

\ 

^  Thofe  who  think  that  all  thefe  glo- 
iious  bodies  were  created  for  no  other 
purpofe  than  to  give  us  a  little  dim 
light,  muft  entertain  a  veiy  flender  idea 
of  the  Divine  Wifdoni ;  for  we  receive 
more  light  from  the  Moon  itfelf,  than 
fi'om  all  the  Stars  put  together.  ^  And 
fince  the  Planets  are  fubjcct  to  the  fame 
laws  of  motion  with  omv  Earth,  and  fom^ 
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of  them  not  only  equal,  but  vaflly  ex¬ 
ceed  it  in  magnitude,  it  is  not  unreafon- 
able  to  fuppofe,  that  they  are  all  habit¬ 
able  Worlds.  And  fince  the  Fi>:ed  Stars 
are  no  ways  behind  our  Swt-i  either  in 
bignefs  or  iullre,  is  it  not  probable  that 
each  of  them  have  a  iyllem  of  Planet¬ 
ary  Worlds  turning  round  them,  as  we 
do  round  the  Sun  And  if  we  afcend 
as  far  as  the  fmalleft  Star  we  can  fee, 
Hiall  WT  not  then  difcover  innumerable 
more  of  thefe  glorious  bodies,  which 
now  are  altogether  invifible  to  us  ?  And 
io  ad  infinitum,  through  the  boundlefs 
fpace  of  the  univerfc.  What  a  magni¬ 
ficent  idea  muft  this  raife^dh  us  of  the 
iPifine  Being !  Who  is  every  where, 
and  at  all  times  prefent,  di'fplaying  his 
Divine  Flower,  Wifdom  and  Goodnefs, 
amongft  all  his  Creatures !  , 
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rhe  DESCRIPTION  and  'USE 
•  of  the  CELESTIAL  a?td 
TERRESTRIAL  GLOBES. 

Adobe  or  Sphere  is  a  round  folid 
body,  having  every  part  of  its 
furface  equally  diflant  from  a  point 
within  it,  called  its  Center  j  and  it  may 
be  conceived  to  be  formed  by  the  re¬ 
volution  of  a  femicircle  round  its  di¬ 
ameter. 

Any  circle  palling  through  the  cen¬ 
ter  of  the  fphere,  thereby  dividing  it  into 
two  equal  parts  or  fegments,  is  called 
a  Great  Circle and  the  fegments  of 
the  fphere  fo  divided,  are  called  HemU 
fpberes. 

Every  great  circle  has  its  Poles  and 
Axis. 

The  Poles  of  a  great  circle  are  two 
points  on  the  furface  of  the  fphere,  di¬ 
ametrically  oppofite  to  one  another, 

and 


Poles. 


43 


6e6l.  I.  Of  the  Glo^^s. 
and  every  where  equally  diftant  from 
the  faid  circle. 


The  Axis  of  a  circle  is  a  right  line  Axis, 
pafTing  through  the  center  of  the  fphere, 
and  through  the  Poles  of  the  faid  cir¬ 
cle,  and  is  therefore  perpendicular  to 
the  Plane ;  Hence, 

All  circles  paffing  through  the  Poles 
of  any  great  circle,  interfedl:  it  in  two 
places  diametrically  oppofite,  and  alfo 
at  right  angles  j  and  with  refpeft  to  the 
faid  great  circle,  they  may  be  called  its 
Secondaries, 

All  circles  dividing  the  fphere  into 
'  two  unequal  parts,  are  called  lejfer  or 
parallel  Circles^  and  are  ufually  denomi-  or  lejer 
nated  by  that  great  circle  to  which  they 
are  parallel, 


The  Earth  being  globular,  its  out¬ 
ward  parts,  as  the  feveral  Coufitries,  Seas, 

&c.  are  beft,  and  moft  naturally  repre- 
fented  upon  the  furface  of  a  Globe ;  and 
when  fuch  a  body  has  the  outward  parts 
of  the  Earth  and  Sea  delineated  upon  its 
furface,  and  placed  in  their  natural  order 
and  fituation,  it  is  called  a  Terref  rial  Terre 
Globe.  • 


The 
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Celeflial 

Globe. 


Theprin 
cipal  uie 
oF  the 
Globes. 


The  Defcnptjon  and  JJfe  j  ■ 

Celefliai  Bodies  appear  to  us  as 
it  they  were  ail  placed  in  the  fame  con¬ 
cave  fpliere,  therefore  ailronomers  place* 
the-Sta-rs-  according-  to  their  r-efpeefive 
litiiations  and  magnitudes,  and  alfo 
the  images*  of  the  conilcilations,  upon 
the  external  furface  of  a .  Globe  j  for 
it  anfwers  the  lame  puipofes  as  if  diey 
\veie  placed  w  ithin  a  concave  Ipliere, 
it  w’’e  luppole  the  Globe  to  be  tran (pa¬ 
rent,  and  the  eye  placed  in  the  center. 
A  Globe  having  the  Stars  placed  upon 
its  (lirface,  as  above  deferibed,  is  called 
a  Cclcjitcil  Globe.  JThele  Globes  are 
both  placed  in  frames,  with  other  ap¬ 
purtenances,  as  lhall  he  deferibed  in  a 
proper  place. 

•  The  principal  ufes  of  the  Globes 
(befides  tlieir  ferving  as  Maps,  to  dif- 
tinguifh  the  outward  parts  of  the  Eartli, 
and  the  htuations  of  the  fixed  Stars) 
IS  to  ex  plain  and  refolve  the  r)htEnome- 
na  arifing  from  the  diurnal  motion  of 
the  Earth  round  its  Axis, 

^  It  has  been  fnewed  in  the  Introduc¬ 
tion,  that  the  ciillance  of  the  Earth 
from  the  Sun,  is  no  more  than  a  point 
when  co^mpat  ed  witii  the,  immenle  dif- 
tance  of  tue  fixed  Stars  3  therefore  let 

the 
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the  Earth  be  in  what  point  foever  of 
her  orbit,  there  will  be  the  lame  pro- 
Ipecf  of  the  Heavens,  as  a  fpedtator 
would  obferve  did  he  refidc  in  the  Sun  : 
And  if  feveral  circles  be  imagined  to 
pals*  thro’  the  center  of  the  Earth,  and 
others,  parallel  to’ them,  be  conceived,  to 
pafs  thro’  the  center  ” of  'the  Sun,  thefe 
circles' in  the  Heavens  will  feem  to  coin- 
cide,  and  to  pafs  'exai^lly  thro’  the  fame 
Stars.  ‘  Wherefore  as  to  the  appearan¬ 
ces  of  the ‘fixed ‘Stars,  it-is  indidbrent 
wliether  the  Earth  or  the  Sun  be  made 
the  center  of  the  Univerfe.  But  becaule 
it  is  from 'the  Earth  that  we  always  ob¬ 
ferve  the  celefcial  bodies,''  and  their  ap¬ 
parent  motions  feem  to  us  to  be  really 
made  in  the  Heavens,  it  is  more  natural 
in '  explaining-  the  phosiTOmena  arifmg 
■from  thefe -itiotions,  '  to  place  the  Earth 
in  the  center.  And  a3*aiii, '  becaufe  the 
leraidiametef  of  the  Earth; ;when  com¬ 
pared  to-'  its  dilfance  from 'the  Sun,  is 
of  nofenfible  magnitude,  any  point,  up¬ 
on  the  Earth’s  furface,  let  it  be  in 
what  part  foever  of  the  orbit,  may  be 
confidered  as  being  the  center  of  the 
Univerfe.  Upon  thefe  principles,  the 
different  phaenomena  arifmg  from  the 
diurnal  motion  of  tlie  Earth,  and  the 

dif^- 
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^he  Defcription  and  tJfe 
cliffereiit  (ituatidn  of  a  fpedlator  upon 
its  furface,  are  very  naturally  illullrated 
and  explained  by  the  Globes. 

As  to  the  alterations  of  feafons, 
arifing  from  the  annual  motion  of  the 
Earth  round  the  Sun,  it  is  indifferent 
which  we  fuppofe  to  move,  the  Earth 
or  the  Sun,  for  in  both  cafes  the  effect 
will  be  the  fame.  Wherefore  becaufe 
it  is  the  Sun  that  appears  to  us  to  move, 
we^  fay  the  Sun  is  in  fuch  a  part  of  the 
ecliptic,  without  attributing  any  moti¬ 
on  to  the  Earth,  any  more  than  if  flie 
had  adually  been  at  red.  For  the 
fame  reafon  we  fay  the  Sun  rifes,  or 
the  Sun  fets ;  by  which  we  mean,  that 
he  begins  to  appear  or  difappear,  with¬ 
out  confidering  in  the  lead  how  thefe 
effeds  are  produced.  Thefe  things  are 
here  mentioned,  to  obviate  the  objec¬ 
tions  that  might  be  made  by  beginners, 
after  they  have  been  told  that  the  Sun 
hands  hill. 
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SECT.  1. 

An  Explanation  of  the  Circles  of 
the  Sphere^  and  of  fome  AJlro-^ 
nomical  ferms  arifing  there¬ 
from. 

IN  order  to  determine  the  relative 
htuatlons  of  places  upon  the  Earth, 
as  well  as  the  pofitions  of  the  fixed  Stars, 
and  other  Celeftial  phaenomena,  the 
Globe  of  the  Earth  is  fuppofed  to  be 
environed  by  feveral  imaginary  circles, 
and  thefe  are  called  the  Circles  of  the  The  c/r. 
Sphere,  Thefe  imaginary  circles 
either  fixed,  and  always  obtain  the  fame 
pofition  in  the  Heavens,  or  moveable, 
according  to  the  pofition  of  the  ob- 
ferver. 

Thofe  circles  that  are  fixed,  owe 
their  origin  to  the  two-fold  motion  of 
the  Earth,  and  are  the  Equator^  and  the 
Eclipticy  with  their  Secondaries  and  Fa- 

rallels. 
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rallcls.  Thefe  fixed  circles  are 

ally  delineated  upon  the  furface  of  the 

Globes. 

The  moveable  circles  are  only  the 
Horizon^  its  Secondaries  ami  Parallels : 
Thefe  are  reprefented  by  tlie  wooden 
frame,  and  the  brals  ring,  wherein  the 
Globe  is  hung,  and  a  thin  plate  of  brafs 
to  be  fcrewed  in  a  proper  place,  upon 

the  faid  ring,  as  occafion  requires. 

«  « 

I.  Of  the  EquinocliaL 

*  •  .  ‘  -  .  »  .  .  -  _  . 
'r\\tEqufl.  I-  The  Equator:,  o\'  fxt'EquinoB tat ^ 

/or,  or  is 'that  great  .circle  in  the  Heavens,  in 

whofe  plane  the  Earth 'performs  her 

diurnal  motion  round  her  axis  j  or  it  is 

that  great  circle,  parallel  to  which  the 

.  wdiole  Heaven¥  Teem  to  turn  round  the 

Earth  from  Eaft  to  Weft  in  24.  Hours. 

Note,  The  Equator  and  tlie  Equinoc¬ 
tial  are  generally  fynonymous^  terms ; 
but  fometimes  the  Equator  particularly 
lignifies  that  great  circle  upon  the  fur- 
face  of  the  Earth,  which  coincides  with 
the  Equinoffial  in  the  Heavens.  This 
circle  is  alfo  by  Mariners  commonly 
called  the  Lhie, 


This 
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The  equino^lial  divides  the  globe  of 
the  Earth,  alfo  the  whole  Heavens 
into  two  equal  parts.  North  and  Sonth, 
wliich  are  called  the  Northern  and  South--  Korther>t 
ern  He7?nlph€res.  The  axis  of  this  cir- 
cie,  is  called  the  Axis  of  the  Worlds  ^^'/pheveu^ 
the  Earth's  Axis,  becaufe  the  Earth  re-  . 
volvcs  about  it  (from  Weft  to  Eaft)  in^y 
24  hours.  The  extremes  of  this  axis 
are  called  the  Poles  oj  the  World,  Poks  of  the 

'  that  which  lies  in  the  Northern  Hemi- 
fphere,  is  called  the  North  Pole,  and  the 
other  is  called  the  South  Pole.  The 
equinoctial  circle  is  always  delineated 
upon  the  furface  of  each  globe,  with 
its  name  at  length  exprefted ;  the  axis  of 
this  circle,  or  the  earth’s  axis,  is  only 
an  imaginary  line  in  the  Heavens,  but 
on  the  globes  it  is  exprefted  by  the  wires 
about  which  they  really  turn.  The 
Poles  of  the  world  are  the  two  points 
upon  the  furface  of  the  globe  through 
which  thefc  wires  pafs  j  the  North  Foie 
is  that  which  hatn  the  little  brafs  circle, 
with  a  moveable  index  placed  round  it ; 
and  the  other  oppofite  to  it  is  the  South 
Pole.  The  Northern  Heinirphere  is 
that  wherein  the  North  Pole  is  placed, 
and  the  oppofite  one  is  the  Southern 
Ilemifphere. 


E 
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The  aflronomers  divide  all  circles  into 
360  equal  j^arts,  called  Degrees,  each 
degree  into  60  equal  parts,  called  Mi¬ 
nutes,  each  minute  into  60  Seconds,  See. 
But  befides  this  divifion  into  degrees, 
the  equinodial  is  alfo  divided  into  24 
equal  parts,  or  Hours,  each  hour  into 
60  Minutes,  each  minute  into  60  Se- 
co7ids,  &c.  fo  that  one  hour  is  equal  to 
1 5  degrees,  each  minute  of  time  is  equal 
to  1 5  minutes  of  a  degree,  'Sc. 

2.  All  circles  conceived  to  pafs 
through  the  Poles  of  the  world,  inter¬ 
fering  the  equinoflial  at  right  angles,  - 
are,  with  refpedl  to  any  point  in  the 
HourCtr-  Heavens,  called  Hour  Circles ;  and  the 

^fcenfion,  becaufe  the  afeen- 
cenfton,^\- fion  of  the  Heaveiily  bodies,  from  a  cer- 

determined. 

Thefe  circles  are  alfo,  with  regard  to 
places  upon  the  Earth,  called 

The  Meridians  are  commonly  drawn 
upon  the  Terreftrial  Globe  thro’  every 
15  degrees  of  the  equinodtial,  thereby 
making  an  Hour  difference  betwixt  the 
places  through  which  they  pafs.  On 
the  Celeftial  Globe  there  are  commonly 
drawn  buttwoof  tlMtMeridi  am, evoking 
^  the 


55 


Se£l.  I.  Of  the  G  LO'B'E.s. 
the  equino6lial  in  four  points  equldif- 
tant  from  one  another,  thereby  dividing 
it  into  four  quadrants  ;  but  the  inter¬ 
mediate  ones  are  here  fupplied,  and  alfo 
upon  the  Terreftrial  Globe,  by  the  brafs 
circle  on  which  the  Globe  is  hung,  which 
is  therefore  called  the  Brafs  Meridian^  The^r«yi 
and  fometimes  only  the  Meridian^  \^Mertdiafi. 
ferving  for  this  purpofe  to  all  the  points 
upon  either  Globe. 


There  is  alfo  a  little  brafs  circle  fix¬ 
ed  upon  this  meridian,  divided  into  24 
Hours,  having  an  index  moveable  round 
the  axis  of  the  globe,  to  be  turned  to 
any  particular  Hour.  The  ufe  of  this 
circle  is  to  fhew  the  difference  of  time 
betwixt  any  two  meridians,  and  is  there¬ 
fore  called  the  Hour  Circle, 


The  Hour 
Circle, 


3.  All  circles  parallel  to  the  equi- 
noclial  are,  with  refj:)e6f  to  any  point  in 
the  Heavens,  called  Parallels  of  Decli¬ 
nation.  So  that. 


Parallels 
of  Decli¬ 
nation. 


4.  The  Declination  of  any  Point 
in  the  Heavens  (as  of  the  Sun,,  a  fix¬ 
ed  Star,  or  the  like)  is  an  arch  of 
the  meridian  pafling  through  that 
point,  and  intercepted  betwixt  it  and 
the  equator  j  and  if  the  faid  point  be 

E  2  to 
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North ward>  ^  , 

^  Southward  5  equator,  it  is 

Declina-  r  ~) 

t ion  North  Qdlhd  \  n^.j  \Declination, 

zsi^Southj  1^0 out h  j 

5.  Of  the  parallels  of  declination,  four 

are  eminently  diftinguilhed  by  particu- 

Tropics  lar  names,  viz.  The  two  Tropics,  and 
^Circks.^*' Polar  Circles. 

The  tropics  are  on  different  Tides  of  • 
the  equator,  each  23  degrees  and  28 
minutes  diftant  from  it ;  that  which  lies, 
in  the  Northern  Hemifphere,  is  called 
rropic  of  the  Tropic  of  Cancer  j  and  the  Southern 
^c^clpri.  Tropic  of  Capricorn. 

corn. 

Thefe  circles  are  the  limits  of  the 
Sun’s  grcateif  declination,  and  are  call¬ 
ed  tropics,  becaufe  whenever  the  Sun 
arrives  to  them,  he  feems  to  return  back 
again  towards  the  equator. 

6.  Tlie  Polar  Circles  are  each  of 
them  at  the  fame  diffance  from  the 
Poles  of  the  world,  that  the  tropics 
are  from  the  equator,  viz.  23°.  28'. 
That  which  lies  near  the  North  Pole, 

Arctic  is  called  ylrSlic  Cit'cle,  i\'oxs\  flrdlos 
a  conftellation  fituated  in  the  Heavens 
near  that  Place ;  whence  alfo  this  Pole 
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is  fbmetimes  called  the  Arctic  Pole.  The 
other  Polar  circle,  which  is  lituated  near 
the  South  Pole,  is  called  the  Antardiic  Amarcik 
Circle^  becaufe  its  pofition  is  contrary 
to  the  other  :  and  the  South  Pole  is  . , 
lometimes  called  the  Antaraic  Pole.  Pok, 

The  tropics  and  the  Polar  circles  have 
each  their  names  exprefled  upon  the 
Globes. 

II.  Of  the  Ecliptic. 

7.  The  Ecliptic  is  that  great  circle  Ecliptic. 
in  whofe  plane  the  Earth  performs  its 
annual  motion  round  the  Sun  j  or,  in 
which  the  Sun  feems  to  move  round  the 
Earth,  once  in  a  year.  This  circle 
makes  an  angle  with  the  equinodtial 
of  23  degrees  28  minutes,  and  interfefts 
it  in  two  oppofite  points,  which  are  call¬ 
ed  the  EqiiinoBial  Points ;  and  the  two  Equinoc- 
points  in  the  eclip'tic  that  are  at  the^^"^^* 
greatefc  diftance  from  the  equino6lial 
points,  are  called  the  Solftitial  Points.  Solyntial 
The  two  meridians  palling  through  Poitits. 
thofe  points,  are,  by  way  of  eminence, 
called  Co  hires  j  whereof  that  which  paf-  Colures. 
feth  thro’  the  equino6lial  points,  is  call¬ 
ed  the  EquinoBial  Colure  j  and  that  Eauinosn. 
which  is  at  right  angles  to  it,  pafling  B  CoUri. 

E  3  through 
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through  the  Solftitial  Points,  is  called 
Boljiittal  Solftitial  Cohire, 

Lolure,  'J 

The  The  ecliptic  is  divided  into  1 2  equal 

dh'id^d  called  Signs ^  each  fign  being  30 

into  figns.  degrees,  beginning  from  one  of  the 
equinodlial  points,  and  numbered  from 
Weft  to  Eaft ;  the  names  and  charac¬ 
ters  of  the  twelve  figns  are  as  follows, 
viz, 

^  Aries,  Taurus,  Gemini,  Cancer,  Leo,  Virgo, 

1.  nr  2.  «  3.  n  4.  25  9. St  6.  v)i 

Lihra,  Scorpio,  Sagittarius, Capriconfus,Aquaries,Pi/ces. 
7.  ib  8,7ri  9.  4?  10.  11.^  12. K 

Northern  The  fii'ft  fix  of  thcfe  are  called  the 
Northern  Signs,  and  pofiefs  that  half 
of  the  ecliptic  which  is  to  the  North-, 
ward  of  the  equator  j  beginning  with 
the  firjfl:  point  of  and  ending  with 
the  laft  point  of  . 

iTglt'.’'"'  called  the  Southern 

Signs,  becaufe  they  poffefs  the  Southern 
half  of  the  ecliptic  j  beginning  at  the 
firfl  point  of  — ,  and  ending  with  the 
laft  point  of  x . 

The  divifion  of  the  ecliptic  into  figns, 
and  the  names  of  the  colures,  are  parti¬ 
cularly  exprcffed  upon  the  globes. 
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The  figns  of  the  ecliptic  took  their 
names  from  1 2  conftellations  mention¬ 
ed  in  the  Introduflion,  to  be  fituated 
in  the  Heavens  near  thofe  places.  It 
is  to  be  obferved,  that  the  figns  are  not 
to  be  confounded  with  the  conftellati¬ 
ons  of  the  fame  name  :  For  the  Sign  of 
Aries ^  is  not  the  fame  with  the  Conftel- 
lation  Aries  ;  the  latter  is  a  fyftem  of 
Stars  digefted  into  the  figure  of  a  Ram  y 
but  the  fign  of  Aries  is  only  30  degrees 
of  the  ecliptic,  counted  from  the  equi- 
no6lial  point  (which  is  reckoned  the 
firft  point  in  the  ecliptit)  to  the  begin¬ 
ning  of  T^aurus :  Or,  it  is  fometimes  ta¬ 
ken  for  all  that  fpace  upon  the  Celsftial 
Globe  contained  between  the  two  cir¬ 
cles  paffing  through  the  firft  points  of 
‘V'  and  «  .  What  has  been  here  faid  of 
Aries j  is  to  be  noted  of  all  the  reft  of 
the  figns. 

\ 

The  conftellations  above-mentioned 
were  formerly  fituated  within  the  figns 
which  now  bear  their  names  ;  but  by  a 
flow  motion  of  the  equino6lial  points, 
being  one  degree  in  72  years,  the  con- 
ftellation  Aries  has  now  got  into  the 
fign  ^  ,  and  fo  of  the  reft.  So  that  Rif- 
ces  is  now  got  into  the  fign  of  ^  :  this 
flow  motion  in  the  Heavens  is  called  the 
Rrecefjmi  of  the  EqumoBial  Points. 

E  4  The 


5^ 

Foies  of 
the  Eclip-r 

tic. 
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The  P cles  cf  the  Ecliptic  are  both  h- 
taatecl  in  the  Solftitial  Colure,  at  23 
ciegrees,  28  minutes  dithance  from  the 
Pole  of  the  world  ;  and  they  take  their 
denomination  from  the  Idemili;)hcre 
wherein  they  are  placed,  viz.  that  which 


lies  in  iheksouthern  I  is 

called  Pole  of  the  eclip, 

tic.  The  arvTtic  and  antardlic  circles, 
are  defcribed  by  the  Poles  of  the  ecliptic 
in  the  diurnal  motion  of  the  Earth  round 
its  axis,  whence  it  fecms  thefe  two  cii% 
cles  are  called  Polar. 


8.  All  great  circles  paffing  through 
the  Poles  of  the  ecliptic,  and  confequent- 
ly  interfeaing  it  at  right  angles,  are  call- 
Circles  cf  cd  Ci7 clcs  of  Longitude  :  So  that 

Longitude. 


LG7igiiude 
of  any 
Feint  in 
the  Hea- 
•vens. 


Place  of  a 
Star. 


9.  The  Longitude  of  any  Point  in 
the  Heavens  (as  a  Star  or  Planet,  &c,) 
is  an  arch  or  the  ecliptic  contained  be¬ 
tween  the  circle  of  longitude  paTino- 
thro  that  point,  and  the  equinoctial 
point  .  And  that  degree  of  any  hgii 
which  lies  under  the  circle  of  longitude, 
paffing  thro’  any  Star  or  Planet,  is  called 
the  Place  of  that  Star  or  Planet. 


NotCy 
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Note,  The  Swi  never  goes  out  of  the 
ecliptic,  and  it  is  not  ufual  to  fay  the 
Sun’s  longitude,  but  we  commonly  ex- 
prefs  it  the  Suns  Place,  which  is  that 
fign,  degree,  minute,  of  the  ecliptic, 
which  he  at  any  time  palles. 


lo.  All  circles  conceived  to  be  drawn 
parallel  to  the  ecliptic,  are  called  Paral¬ 
lels  of  Latitiide :  So  that, 


1 1 .  The  Latitude  of  any  point  in  the 
Heavens,  (as  a  fixed  Star,  ^cl)  is  an^c? 
arch  of  the  circle  of  longitude,  paf- 
fing  thro’  that  point,  and  intercepted 
betwixt  it  and  the  ecliptic ;  or,  the  la¬ 
titude  is  the  diftance  from  the  ecliptic  ; 
and  if  the  faid  point  be  to  the  North¬ 
ward  of  the  ecliptic,  it  is  called  North 
Latitude ;  but  if  it  be  to  the  Southward, 
is  called  South  Latitude, 


Upon  the  Per  ref  rial  Globe,  none  of 
the  circles  of  longitude  are  deferibed  j 
and  upon  the  Celefial,  they  are  com-  . 
monly  drawn  thro’  the  beginning  of 
every  Sign',  but  they  are  all  fupplied 
upon  both  Globes,  by  faftening  a  thin 
plate  of  brafs  over  one  of  the  Poles  of 
the  ecliptic,  and  fo  as  to  be  moved  to 
any  degree  thereof  at  pleafure.  The 


Horizon. 


Senjihle 

Horizon. 
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parallels  of  latitude  are  allb  fupplied  hy 
the  graduations  upon  the  faid  plate,  as 
fhall  be  fhewn  in  a  proper  place. 

We  have  now  done  with  all  thofe  cir¬ 
cles  that  are  fixed,  and  fuch  as  are  drawn 
upon  the  Globes  themfelves ;  we  next 
proceed  to  the  moveable  circles. 

III.  Of  the  Horizon. 

12.  Tht  Horizon  is  that  great  cir¬ 
cle  which  divides  the  upper,  or  vifible 
Hemifphere  of  the  world,  from  the 
lower,  or  invifible:  This  circle  is  diflin- 
guillied  into  two  forts,  the  Senfiblc,  and 
the  national. 

The  Senfble^  or  Apparent  Horizon^  is 
that  circle  which  limits  or  determinates 
our  profpedf,  whether  we  are  at  land 
or  fea,  reaching  as  far  as  we  can  fee,  or 
it  is  that  circle  where  the  Sky  and  the 
Earth,  or  Water,  feem  to  meet.  When 
we  are  on  Terra  Firma^  this  circle  com¬ 
monly  feems  rugged  and  irregular ;  oc- 
cafioned  bytheiinevennefs  of  the  ground 
terminating  our  profpedf;  but  at  fea 
ther^  are  no  fuch  irregularities  ;  the  fe- 
midiameter  of  this  circle  varieth  accord¬ 
ing  to  the  height  of  the  eye  of  the 
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obferver;  if  a  man  of  fix  feet  high 
flood  upon  a  large  plain,  or  the  furface 
of  the  fea,  he  could  not  fee  above  three 
miles  round. 

This  circle  determines  the  riling  and 
fetting  of  the  Heavenly  bodies,  and  dif- 
tinguifhes  Day  and  Night. 

The  RationaU  or  true  Horizon^  is  a  Rational 
great  circle  paffing  thro’  the  center 
the  Earth,  parallel  to  the  fenfible  Elori- 
zon,  being  diftant  from  it  by  the  Earth’s 
femidiameter,  which  is  about  3980 
miles  :  This  diflance  is  nothing  in  com- 
parifon  of  the  immenfe  diflance  of  the 
Sun  and  the  fixed  Stars,  therefore  a- 
flronomers  make  no  diflinftion  between 
thefe  two  circles,  but  confider  the  appa¬ 
rent  Horizon,  or  that  wherein  the  Sun 
appears  to  rife  and  fet,  as  paffing  thro’ 
the  center  of  the  Earth. 

This  circle  is  divided  by  aflronomers 
into  four  quadrants,  and  each  of  the 
quadrants  into  90  degrees,  ^c.  The 
four  points  quartering  this  circle  are 
called  the  Cardinal  Points j  and  are  term-  Cardinal' 
ed  the  Eaf^  Weft^  Norths  and  South 
The  Eajl  is  that  point  of  the  Horizon 
where  the  Sun  rifes  when  he  is.  in  the 

equi^ 
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equinoftial,  or  on  that  day  when  he 
afcends  above  the  Horizon  exa6lly  at 
fix  o’clock ;  and  the  JVe/i  is  tijat  point 
of  the  Horizon  which  is  diredly  oppo- 
fite  to  the  Eaft,  or  where  the  Sun  lets 
when  he  is  in  the  Equino61ial.  The 
South  is  90  degrees  diflant  from  the 
Eafl  and  Weft,  and  is  toward  that  part 
of  the  Heavens  v  he  ’ein  the  Sun  always 
appears  to  us  in  f  rea^-Brifain  at  Noon  ; 
and  the  North  is  that  part  of  the  Hea¬ 
vens  which  is  dircftly  oppolite  to  the 
South:  Or,  the  North  and  South  points 
of  the  Heavens  may  be  found  by  turning 
yourfelf  either  directly  towards  the  Eail 
or  the  Weft:  If  you  look  towards  tlic 


Eaft 

Weft 


So 

N< 


Pland,  and  the 


Bef  des  the  aforementioned  diviftons 
of  the  Horizon  into  degrees.  Mariners 
divide  it  into  3  2  equal  parts,  which  they 
call  the  Points  of  the  Compafs  j  to  each  of 
which  points  they  give  a  particular 
name,  compounded  of  the  four  Car-, 
dinals,  according  to  what  quarter  of  tlie 
Compafs  is  intended. 


The  center  of  the  Horizon  is  the 

place 
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place  of  obfervation,  and  the  Poles  of  it 
are  one  exaflly  over  our  heads,  called 
the  Zenith  ;  and  the  other  exadlly  under  Zenith. 
our  feet,  called  the  Nadir.  Nadir. 

13.  All  circles  conceived  to  pafs 
thro’  the  Zenith  and  Nadir,  are  called 
Vertical  Circles^  or  Azimuths.  Of  thefe  Vertical 
circles,  that  which  pafieth  thro’  the^^""^"* 
North  and  South  points  of  the  Horizon, 
is  called  the  Meridian-,  fo  tliat  when  any  Meridian. 
objefl  is  upon  the  Meridian,  it  then 
bears  either  due  South,  or  due  North 
from  iis ;  and  the  Azimuth  of  any  ob-  Azimuth. 
jeff  is  an  arch  of  the  Horizon  inter¬ 
cepted  between  the  vertical  circle  palTing 
through  it,  and  eitlier  the  North  or 
South  part  of  the  Meridian ;  which  part 
is  commonly  fpecihed. 

The  meridian  palles  thro’  the  Poles 
of  the  VvTorld,  as  well  as  througli  the 
Zenith  and  Nadir,  and  therefore  is  a 
fecondary  both  of  the  equinoftial  and 
the  horizon :  This  circle  divides  the 
globe  into  tlie  Eafern  and  Weftern  Hc- 
mifpheres,  and  the  Poles  of  it  are  the 
EaJ}  and  Wefl  points  of  the  Horizon. 

All  the  heavenly  objefls  are,  during  one 
half  of  their  continuance  above  the  ho¬ 
rizon,  in  the  Eallern  Hemilphere,  and 

ioY 


62 


prune 

Vertical. 


Ampli¬ 

tude. 


The  Defeription  a?2d  life 

for  the  other  half  in  the  Weflern;  fo 
that  whenever  the  Sun  arrives  upon  the 
upper  part  of  the  meridian,  it  is  then 
Noon^  or  Mid-day.,  which  is  the  reafon 
why  this  circle  is  called  the  meridian ; 
and  when  he  comes  to  the  lower  part, 
it  is  then  Mid-night. 

The  vertical  circle  paffing  thro’  the 
Eaft  and  Weft  points  of  the  horizon, 
is  called  the  Prime  Vertical.,  or  Circle  of 
Eaft  and  Weji  5  fo  that  when  any  ob- 
jedl  is  upon  this  circle  in  the  Eaftern 
hemifphere,  it  appears  due  Eaft;  and 
if  it  be  in  the  Weftern  hemifphere,  it 
appears  due  Weft. 

That  degree  in  the  horizon  wherein 
any  object  rifes  or  fets  from  the  Eaft  or 
Weft  points,  is  called  Amplitude ‘y 
which  for  rifing  is  called  Amplitude  Or- 
tivcy  and  Occafive  for  fetting ;  which 
rauft  be  alfo  denominated  whether  it  be 
Northerly  or  Southerly. 

It  may  be  obferved,  that  the  Ampli¬ 
tude  and  Azimuth  are  much  the  fame ; 
the  amplitude  fliewing  the  bearing  of 
any  object  when  it  rifes  or  fets,  from 
the  Eaft  or  Weft  points  of  the  hori¬ 
zon  ;  and  the  azimuth,  the  bearing  of 

any 
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any  objed  when  it  is  above  the  hori¬ 
zon,  either  from  the  North  or  South 
point  thereof.  As  for  example,  if 
an  objed  rifes  or  fets  within  10  degrees 
of  the  Eaft  or  Weil,  fuppofe  towards 
the  South,  we  accordingly  fay,  its  Am¬ 
plitude  is  10  degrees  Southerly;  but  if 
an  objed,  that  is  of  any  height  above 
the  horizon,  fhould  be  in  the  vertical 
circle,  palling  thro’  the  before-mention¬ 
ed  point,  we  then  fay,  its  Azimuth  is 
80  degrees  from  the  South,  eg*  100  de¬ 
grees  from  the  North,  both  which  ex- 
preflions  hgnify  the  fame. 

14.  All  circles  drawn  parallel  to  the 
horizon,  in  the  upper  hemifphere,  are 
called  Almacanthers^  or  Parallels  of  Al-  -^Imacan^ 
titiide :  So  that  the  Altitude  of  any'jr."' 
point  in  the  Heavens  is  an  arch  of  the 
vertical  circle  paffing  thro’  that  point, 
and  intercepted  betwixt  it  and  the  ho¬ 
rizon  ;  and  if  the  objed  be  upon  the 
meridian,  it  is  commonly  called  the  Me-  Meridian 
ridian  Altitude.  The  complement 
the  altitude,  or  what  it  wants  of  90  de¬ 
grees,  is  called  the  Zeiiith  Difiauce.  Zenith 

Dijlance. 

The  horizon  (by  which  we  mean 
the  rational)  is  reprefen  ted  by  the  upper 
furface  of  the  Wooden  frame,  wherein 

the 
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the  globes  are  placed  ;  upon  this  hori¬ 
zon  are  defcribed  feveral  concentric  cir¬ 
cles,  the  innermoft  of  which  is  divided 
into  degrees,  Which  ought  to  be  num¬ 
bered  b^oth  ways  from  the  Eaft  and 
the  Well,  until  they  end  at  90  degrees 
in  the  North  and  South  points.  The 
life  of  thefe  divifions  is  to  fhew  the 
amplitudes  of  the  Sun  and  Stars,  at 
their  riling  and  fetting :  Alfo  in  fome 
convenient  place  upon  this  horizon, 
there  is  commonly  noted  the  points  of 
theCompafs.  Without  the  before-men¬ 
tioned  circle  there  is  drawn  the  ecliptic 
with  its  divifions,  into  figns,  and  de¬ 
grees,  and  a  circle  of  months  and  days  : 
The  ufe  of  thefe  two  circles  is  to  ferve 
as  a  kalendar  to  fhew  the  Sun’s  place  at 
any  time  of  the  year,  and  by  that  means 
to  find  his  place  in  the  Ecliptic^  drawn 
upon  the  globe  itfelf. 

The  Vertical  Circles,  and  the  Paral¬ 
lels  of  Altitude,  are  fupplied  by  a  thin 
plate  of  brafs,  having  a  nut  and  fcrew 
at  one  end  to  faften  it  to  the  brafs  me¬ 
ridian  in  the  Zenith  point ;  which  be¬ 
ing  done,  the  lower  end  of  it  may  be 
put  between  the  globe  itfelf,  and  the 
inner  edge  of  the  horizon,  andfoturn- 
.cd  round  about  tc  any  point  required. 

The 
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The  fiducial  edge  ,  thereof  reprefenting 
the  Vertical  Circles^  and  tlie  Degrees 
upon  it,  deferibing  the  Parallels  of  Al¬ 
titude.  This  thin  plate  is  called  the 
^ladrant  of  Altitude, 

tude,  '' 

The  center  of  the  horizon  being  the 
place  of  obfervation,  it  is  evident  that 
this  circle,  and  all  the  others  belong¬ 
ing  to  it,  are  continually  changed, 
which  way  foever  we  move  ;  -wherefore 
we  may  fuppofe  the  horizon,  with  its 
fecondaries  and  parallels,  to  inveft  the 
globe  like  a  rete^  or  net ;  and  to  be 
moveable  every  way  round  it.  This  is 
very  naturally  illuftrated  by  the  globes ; 
if  we  move  direClly  North,  or  directly 
South,  the  change  made  in  the  horizon 
is  reprefented  by  moving  the  brafs  me¬ 
ridian  (keeping  the  globe  from  turning 
about  its  axis)  in  the  notches  made  in 
the  wooden  horizon,  juft  fo  much  as 
we  travelled.  If  our  courfe  fliould  be 
due  Eaft,  or  'due  Weft,  the  alterations 
made  thereby  are  reprefented  by  turning 
the  globe  accordingly  about  its  axis,  the 
brafs  meridian  being  kept  fixed  j  and  if 
we  fleer  betwixt  the  nieridian  and  the 
Eaft  or  Weft  points,  then  we  are  to 
turn  the  brafs  meridian,  and  alfo  the 
globe  about  its  axis  accordingly  j  the 

F  funi 
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•fum  of  which  is,  let  the  fpcdtator  be  at 
what  point  foever  of  the  Earth’s  furface, 
he’ll  there  gravitate,  or  tend  exadlly  to¬ 
ward  its  center,  and  imagine  himfcif 
to  be  on  the  highell  part  thereof,  ( the 
unevennefs  of  the  ground  not  being 
here  confidered)  wherefore  if  we  turn  the 
globe  in  fuch  a  manner  as  to  bring  the 
leveral  progreffive  fteps  of  a  traveller 
fucceffively  to  the  Zenith,  we  (liall  then 
have  the  fucceffive  alterations  made  in 
the  horizon,  in  every  part  of  his  jour¬ 
ney.  This  explication  being  well  con¬ 
fidered,  will  be  of  help  to  young  begin¬ 
ners,  to  conceive  how  the  Earth  is  every 
where  habitable;  and  how  palfengers 
can  travel  quite  round  it ;  for  fmce  every 
thing  tends  toward  the  center  of  the 
Earth,  we  are  to  conceive  that  point  as 
being  the  loweft,  and  not  to  carry  our 
idea  of  downwards  any  farther.  Thofe 
that  are  diametrically  oppofite  to  us  be¬ 
ing  as  much  upon  the  upper  part  of  the 
Earth  as  we  are,  there  being  no  fuch 
thing  in  nature  as  one  place  being  higher 
than  another,  but  as  it  is  at  a  greater 
dilfance  from  the  center  of  the  Earth, 
let  it  be  in  what  country  foever. 

We  have  now  done  with  all  the  cir¬ 
cles  of  the  fphere,  and  it  may  be  ob- 

ferved. 
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lerved,  that  the  EquinoBial,  the  Ecliptic,  ‘ 
and  the  Horizon,  with  their  fccondaries 
and  parallels,  are  all  alike ;  and  altering 
their  pofition,  may  be  made  to  ferve  for 
one  another.  Thus,  if  the  Poles  of  the 
World  be  brought  into  the  Zefiith  and 
Nadir,  xhtEquinoBial  will  coincide  with 
the  Horizon,  the  Meridians  will  be  the 
fame  with  the  Vertical  Circles,  and  the 
parallels  of  Declination  will  be  the  pa¬ 
rallels  of  Altitude.  After  the  fame  man¬ 
ner,  if  fliifting  the  pofition,  we  bring  the 
Ecliptic  to  coincide  with  the  Horizon, 
tlie  circles  of  Longitude  will  be  the  Ver^ 
itcal  Circles,  and  the  parallels  of  Lati^ 
tilde  Altitude  WiW  coincide. 

The  horizon  and  the  equator  may 
be  either  parallel,  perpendicular,  or  ob¬ 
lique  to  each  other. 

I 

15*  A  Parallel  Sphere  is  that  pofition  Para'kl 
where  the  equator  coincides  with  the 
horizon,  and  confequently  the  poles  of 
the  world  are  in  the  Zenith  and  Nadir  : 

Ihe  inhabitants  of  this  fphere  (if  there 
he  any)  are  thofe  who  live  under  the 
poles  of  the 'world. 

16.  A  Right  or  Diredi  Sphere  is  thdit  Right 
pofition  where  the  equator  is  perpen- 

F  2  dicular 
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dicular  to  the  horizon,  the  inhabitants 
whereof  are  thofe  who  live  under  .the 
equino61:ial. 

17.  An  Oblique  Sphere  is  when  tlie 
^  equinoctial  and  the  horizon  make  ob¬ 
lique  angles  with  each  other,  which 
every  where  happens  but  under  the  e- 
quator  and  the  poles. 

t  c 

The  arch  of  any  parallel  of  declina¬ 
tion,  which  ftands  above  the  horizon,  is 
Diurnal  Called  the  Diurnal  jlrch^  and  the  re- 

c>f  it,'  which  is  below  the 
XX  horizon,  is  called  the  Noeiurnal  Arch. 


That  point  of  the  equinoaial  which 
comes  to  ^  f  P^tt  of  the  ho¬ 

rizon  with  any  point  of  the  Heavens  Is 

point. 

counted  from  the  beginning  of  ;  and 
if  it  be  in  a  right  fphere,  the  afcenfion 
or  defcenfion  is  called  right  5  but  .if  it  be 
an  oblique  fphere,  it  is  called  an  oblique 
afcenfion  or  defcenfion.  So  that 


Right  '  18.  The  Right  Afcenfion  of  the  Sun 

Jfcafion.  Moon,  or  any  Star,  &c.  is  an  .arch  of 
the  equator  contained  betwixt  the  beo-in- 

niqg 
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nlng  of  r ,  and  tliat  point  of  the  equl- 
noftial  which  rifes  with  them  in  2.  Right 
Sphej^e^  or  which'  comes  to  the  nieridian 
with  them  in  an  oblique  Sphere. 

19.  Oblique  Afcenfon^  or  lOefcenfion^  Oblique 
is  an  arch  of  the  equinoftial  intercepted 
between  the  beginning  of  and  that 
Point  of  the  Equator  which  rifes  or  fets 
wdth  any  point  in  the  Heavens  in  an  ob¬ 
lique  Sphere. 

20.  Afcenfonal  difference y  is  the  Afccnfion- 
difference  betwixt  the  right  and  oblique 
afcenfion  or  defcenfioh,  and  fliews  how 

long  the  Sun  rifes  or  fets  before  or  after 

the  hour  of  fix. 

\  , 

IV.  Of  the  Divifion  of  Pime, 

The  parts  that  time  is  diftinguifhed 
into,  are  DaySy  Hours,  Weeks,  Months, 
and  Tears, 

A  Day  is  either  natural  or  artificial. 

A  Natural  Day  is  the  fpace  of  time  Natural 
elapfed  while  the  Sun  goes  from 
meridian  or  horary  circle,  till  he  arrives 
to  ^  the  fame  again  ;  or,  it  is  the  time 
contained  from  noon,  or  any  particular 

F  ^  hourj 
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]iour,  to  the  next  noon,  or  the  fame 
hour  again.  An  xdrtijicial  Day  is  the 
time  betwixt  the  Sun’s  rifing  and  bet¬ 
ting  to  which  is  oppofed  the  Night, 
that  is,  the  time  the  Sun  is  hid  under  the 
horizon. 

The  Natural  Day  is  divided  into  24. 
TIours,  each  hour  into  60  Minutes,  each 
minute  into  60  Seconds,  &c.  The  Ar¬ 
tificial  Days  are  always  unequal  to  all 
the  inhabitants  that  are  not  under  the 
equator,  except  when  the  Sun  is  in  the 
equinodlial  points  'V’  and  ===,  which  hap¬ 
pens  (according  to  our  way  of  reckon¬ 
ing)  about  the  21ft  of  March,  and  the 
2 2d  of  September ;  at  thofe  times  the 
Sun  rifes  at  fix  and  fets  at  fix  to  all  the 
inhabitants  of  the  Earth.  Thefe  days' 
are  called  the  Equinoxes,  or  EquinoSlial 
Days^  j  the  hrfl  of  which,  or  when  the 
Sun  is  in  the  firfl:  point  of  Aries,  is  call¬ 
ed  the  Vernal  Equinox,  and  the  latter  is 
called  the  Autumnal  Equinox:  In  all 
places  where  the  Sun  defeends  below  the 
horizon,  excepting  under  the  equator, 
the  days  continually  lengthen  or  fliorten, 
and  that  fafler  or  flower,  according  as 
the  Sun  is  nearer  to,  or  further  from  the 
equino6fial,  until  he  arrives  to  either  of 
the  Solfiiitial  Points  or  Hr.  At  thofe 

timeij 
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times  tlic  Sun  feems  to  (land  ftill  for  a 
few  days,  and  then  begins  to  return  with 
a  How  motion  towards  the  equinodiial, 
ffill  haftening  his  pace  as  he  comes 
er  to  it :  The  Sun  enters  the  j:ropics  of 
2o  and  ’<f,  about  the  21ft  of  June^  and 
the  21ft  of  December^  which  days  are 
Jbmetimes  called  the  Solftices ;  the  flrft 
of  which  we  call  the  SufttfHCf  So^ttcCy 
and  the  latter  the  Winter  Solflice.  ter  So!j>,- 

CCS  • 

All  nations  do  not  begin  their  day, 
and  reckon  their  hours  alike.  In  Gf  eat^  ginningof 
Britain,  France,  and  Spain,  and  in  mofl  ihe  day. 
places  in  Europe,  the  day  is  reckoned  to 
be<’'in  at  midnight,  from  whence  is  count¬ 
ed  twelve  hours  till  noon,  then  twelve 
hours  more  till  next  midnight,  which 
makes  a  compleat  day  j  yet  the  Aftrono- 
mers  (in  thefe  countries)  commonly  be¬ 
gin  their  day  at  noon,  and  fo  reckon 
24  hours  till  next  noon,  and  not  twice 
twelve,  according  to  the  vulgai  com¬ 
putation.. 

The  Babylonians  began  their  day  at 
Sun-rifing,  and  reckoned  24  hours  till 
he  rofe  again. .  This  way  of  computa¬ 
tion  we  call  the  Babylonifi  Hours,  In  Bahlo- 
feveral  parts  of  Germany  they  count 
hours  from  Sun-fetting,  calling  the  nrit 
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hour  after  the  Sun  has  fet,  the  firff  hour, 
^  ^c,  till  he  fets  the  next  day,  which  they 

call  the  24th  hour:  Thefe  are  commonly 
Julian  called  the  Italian  Hours.  According  to 
'both  thefe  ways  of  computation,  their 
hours  are  commonly  either  a  little  great¬ 
er  or  lefs  than  the  part  of  a  natural 
,day,^  in  proportion  as  the  Sun  riles  or 
^  fets  fooner  or  later  in  the  fiicceeding  days. 
I’hey  have  alfo  this  inconvenience,  that 
their  mid-day  and  mid-night  happen 
on  different  hours,  according  to  the  fea- 
fons  of  the  year. 

and  the  Homans  formerly  di¬ 
vided  the  artificial  days  and  nights  each 
into  1 2  e(|ual  parts  5  thefe  are  -  termed 
jewijh  the  JewiJh  Hours,  and  are  of  different 
Hours,  lengths,  according  to  the  feafons  of  the 
year  j  a  yewijh  Hour  111  fummer  being 
longer  than  one  in  winter,  and  a  night- 
houi  fhorter.  This  method  of  compu¬ 
tation  is  now  in  ule  among  the  Turks, 
and  the  hours  are  ftiled  the  firft  how", 
fecond Imir,  &c.  of  the  day  or  night;  fo 
that  Mid-day  always  falls  on  the  fixth 
hour  of  the  day.  Thefe  hours  are  alfo 

^liourT''^  Hours,  becaufe  in  ev^ery 

liour  one  of  the  feven  Planets  were  fnp- 
pofeci  to  prefide  over  the  World,  and  fo 
take  it  by  turns.  The  firft  hour  after 

'  Sun- 
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Sun-rifing  on  Sunday  was  allotted  to  the 
Sim ;  the  next  to  Venus ;  the  third  to  _ 
Mercury ;  and  the  reft  in  order  to  the 
Moon^  Saturn^  yiipiter,  and  Mars.  Ey 
,this  means  on  the  firft  hour  of  the  next 
day,  the  Moon  prefided;  and  fo  gave  the 
name  to  that  day ;  and  fo  feven  days  by 
this  method,  had  names  given  them  from 
the  Planets  that  were  fuppofed  to  go¬ 
vern  on  the  firft  hour, 

A  Week  is  a  fyftem  of  feven  days,  in  A 
which  each  day  is  diftinguiflied  by  a 
different  name.  In  moft  countries  thefe 
days  are  called  after  the  names  of  the 
feven  Planets,  as  above  noted.  All  na¬ 
tions  that,  have  any  notion  of  religion, 
lay  apart  one  day  in  feven  for  public 
worfhip  ;  the  day  folemnized  by  Chrif- 
tians  is  Sunday,  or  the  firft  day  of ^  the 
week,  being  that  on  which  our  Saviour 
rofe  from  the  grave,  on  which  the  apof- 
tles  afterwards  ufed  more  particularly 
to  affemble  together  to  perform  divine 
worfhip.  The  Jews  obferved  Saturday, 
or  the  feventh  day  of  the  week,  for  their 
fabbath,  or  day  of  reft,  being  that  ap¬ 
pointed  in  the  fourth  commandment 
under  the  Law.  The  Turks  perform 
(iieir  religious  ceremonies  on  Friday. 
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ji  Month. 


P  eriodical 
and  Syno¬ 
dical 
Month. 


A  TearSy- 
dereal  and 
tropical. 
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A  Month  is  properly  a  certain  fj)ace 
of.  time  meallired  by  the  Moon  in  her 
coiid’e  round  the  Earthl  A  Lunar  Month 
is  either  Periodical  or  Sxnodical.  A  Pe¬ 
riodical  Month  is  that  fpace  of  time  the 
Moon  takes  to  perform  her  courfe  from 
one  point  in  the  ecliptic  till  lire  arrives 
to  the  fame  again,  whicli  is  27  days, 
and  fome  odd  hours  j  and  a  Synodical 
Month  is  the  time  betwixt  one  new 
Moon  and  the  next  new  Moon,  which 
is  commonly  about  29 1:  days.  But  a 
CPjil  Month  is  different  from  thefe,  and 
confiffs  of  a  certain  number  of  days, 
fewer  or  more,  according  to  the  laws 
and  cuiloms  of  the  country  where  they  -1 
are  obferved. 

The  compleateff' period  of  time  is  a 
Tear,  in  whicli  all  the  variety  of  feafons 
return,  and  afterwards  begin  a-new.  A 
l^ear  is  either  Aftronomical  or  Civil.  An 
AJironornical  Year  is  either  a  Sydercal, 
wherein  the  Sun  departing  from  a  fixed 
Star,  returns  to  it  again  j  or  Tropical, 
which  is  tlie  fpace  of  time  the  Sun 
takes  to  perform  his  courfe  from  any  1 
point  of  the  ecliptic,  till  he  returns  to 
it  again. 
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A  tropical  Tear  confifts  of  365  days, 

5  hours,  and  49  minutes  j  this  is  the 
time  in  which  all  the  feafons  com- 
pleatly  return,  which  is  a  fmall  matter  . 
lefs  than  a  Sydereal  Year. 

•  The  Civil  Tear  is  the  fame- with  the 
Political,  eftablifhed  by  the  laws  of  a 
country ;  and  is  either  moveable  or  im¬ 
moveable.  The  moveable  year  confifts 
‘of  365  days,  being  lefs  than  the  tropi¬ 
cal  year  by  almoft  fix  hours,  and  is 
called  the  Egyptian  Tear,  becaufe  ob-  Egyptian 
ferved  in  that  Country. 

The  Romans  divided  the  year  into  12 
kalendar  months,  to  which  they  gave 
particular  names,  and  are  ftill  retained 
by  moft  of  the  European  nations,  viz, 
fanuary,  February,  March,  April,  May, 
fune,  fuly,  Augiijl,  September,  October, 
November,  and  December,  The  number 
of  days  in  each  month  may  be  known 
by  the  following  verfes : 

Thitf  Days  hath  September, 

April,  Jime,  November; 

February  hath  Tnventy-eight  alone. 

And  all  the  ref  have  Thirty-one, 
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The  year  is  allb  divided  into  four 
quarters  or  feafons,  Springs  Sum^ 
mer.  Autumn^  and  JVi?2te?\  Thdh  quar¬ 
ters  are  pro;[:>erly  made  when  the  Sim 
enters  into  the  equinodlial'  and  folftitial 
points  of  the  ecliptic ;  but  in  civil  ufes 
they  are  differently  reckoned,  according 
to  the  cufloms  of  feveral  countries. 
In  England^  we  commonly  reckon  the 
firll  day  of  January  to  be  the  firft  in 
the  year,  which  is  therefore  vulgarly 
called  New -Tear  s  Day  ;  but  in  politi¬ 
cal  and  ecclefiaftical  affairs,  the  year 
is  reckoned  to  commence  on  Lady-dav^ 
which  is  the  25  th  March',  and*^from 
thence  to  Mtdfummer-day,  which  is  the 
24th  of  June,  is  reckoned  the  firft  quar¬ 
ter;  from  Midfummer-day  to  MichaeE 
mas-day,  which  is  the  29th  of  September, 
is  the  fecond  quarter ;  the  third  quar¬ 
ter  is  reckoned  from  Michaelmas-day  to 
Chrijimas-day,  which  is  the  25  th  of 
December  ',  and  from  Chri/imas-day  -  to 
Lady-day,  is  reckoned  the  iaft  quarter 
in  the  year.’  In  common  affairs,  a 
quarter  is  reckoned  from  a  certain  day. 
to  the  fame  in  the  fourth  month  follow¬ 
ing.  Sometimes  a  month  is  reckoned 
four  weeks,  or  28  days,  and  fo  a  quar¬ 
ter  iz  weeks.  To  all  the  inhabitants 
/ 


77 


ScCl.  I.  '  Of  the  G 

Hemifphere,  their 

MiAfiimmer  is  properly  .when  the  Sun 

is  in  the  tropic  ?  and 

^  t^Lapricorn^^ 

their  Mid-winter  at  the  oppofite  time 

of  the  year  y  but  thole  who  live  under 

the  equinoctial  have  two  winters,  &c, 

when  the  Sun  is  in  either  tropic ;  tho’ 

indeed  properly,  there  is  no  feafon  that 

may  be  called  \yinter  in  thofe  parts  of 

the  world. 


The  Egyptian  year  of  365  days  be¬ 
ing  lefs  than  the  true  folar  year,  by  al- 
molt  fix  hours,  it  follows,  that  four  fuch 
years  are  lefs  than  four  folar  years  by 
a  whole  day;  and  therefore  in  365 
times  four  year's,  that  is,  in  1460  years, 
the  beginning  of  the  years  move  through 
all  the  feafons.  To  remedy  this  in- 
conveniency,  fiiliiis  Caj'ar  (confidering 
that  the  fix  hours,'  which  remain  at  the 
end  of  every  year,  will  in  four  years 
make  a  natural  day)  ordered  that  every 
fourth  year  Ihould  have  an  intercalai-y 
day,  which  therefore  confifts  of  366 
days ;  the  day  added  was  put  in  .the 
month  of  February^  by  poftponing  St. 
Matthias  s  day,  which  in  common  years 
fail  on  the  24th,  to  25th  of  the  faid^ 

month,* 
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month,  all  the  fixed  feafts  in  the  year 
from  thenceforwards  falling  a  week-day 
later  than  otherwife  they  would.  Ac- 
Ifuapd  cording  to  the  Reman  way  of  reckon- 
Tear.  24th  of  February  was  the  fixth 

of  the  kalends  of  March^  and  it  was 
ordered  that  for  this  year  there  fhould 
be  two  fixths,  or  that  the  fixth  of  the 
kalends  of  March  fliould  be  twice  re¬ 
peated  ;  upon  which  account  the  year 
was  called  Biffextiky  which  we  now  call 
the  Leap-Fear, 

To  find  whether  the  year  of  our 
Lord  be  leap-year,  or  the  firfi:,  fecond, 
or  third  after ;  divide  it  by  four,  and 
the  remainder,  if  there  be  any,  fliews 
bow  many  years  it  is  after  leap-year ; 
but  if  there  be  no  remainder,  then  that 
year  is  leap-year:  Or,  you  may  omit 
the  hundreds  and  fcores,  and  divide  the 
refidue  by  4,  Exa?np.  omitting 

the  hundreds  and  the  twenties,  I  di¬ 
vide  the  refidue  17,  by  4,  and  the  re¬ 
mainder  I,  fliews  it  to  be  the  firfi:  after 
leap-year. 

^  1  his  method  of  reckoning  the  year, 
^eiz,  making  the  common  year  to  con- 
filf  of  days,  and  every  fourth 
}eai  to  have  366  days,  was  formerly 

^  ufed 
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in  Great -Britain  and  Ireland ^  and 
is  ftiU  in  nle  in  fome  of  the  Nor¬ 
thern  parts  of  Europe ^  and  is  called 
the  Julian  Account^  or  the  Old 
But  the  time  appointed  by  Julius  C^far 
for  the  length  of  a  folar  year  is  toc>%^. 
much;  for  the  Sun  finiihes  his  courfe 
in  the  ecliptic,  in  365  days,  5  hours, 
and  49  minutes,  which  is  1 1  minutes 
lefs  than  the  civil  year ;  and  therefore 
he  again  begins  his  circuit  1 1  minutes 
before  the  civil  year  is  ended  ;  and  fo 
much  being  gained  every  year,  amounts 
in  1 3 1  years,  to  a  whole  day.  So  that 
if  the  Sun  in  any  year  entered  the  equi¬ 
nox  upon  the  20th  of  March  at  noon, 
after  the  fpace  of  1 3 1  years,  hell  enter 
the  fame  point  on  the  fame  hour,  on 
the  1 9th  of  March.  And  therefore  the 
equinoxes  will  not  always  fall  on  the 
fame  day  of  the  month,  but  by  degrees 
will  move  towards  the  beginning  ot 
the  year. 

At  the  time  of  the  Council  of  Niccy 
(when  the  terms  were  fettled  for  qb- 
ferving  of  Ea/ler)  the  Vernal  Equmox  tell 
upon  the  21ft  of  March  y  but 'by  its 
falling  backwards  1 1  minutes  everyyear, 
it  was  found  that  in  Anno  1582,  when 
the  kalendar  was  correfted,  the  Sun  en¬ 
tered  the  equinoctial  circle  on  the  i  ith^ 
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of  March^  having  departed  ten  whole 
days  from  its  former  place  in  the  year  : 
and  therefore  Pope  Gj^egory  the  Xlllth, 
defigning  to  place  the  equinoxes  in  their 
fituation  with  refpedl  to  the  year,  took 
thefe  ten  days  out  of  the  kalendar,  and  J 
ordered  that  the  1 1  th  of  March  Ihould  j 

be  reckoned  as  the  twenty-fird :  And  ■ 

to  prevent  the  feafons  of  the  year  from 
going  backwards  for  the  future,  he  or-  ! 
dered  every  hundredth  year,  which  in  th  e 
‘Julian  form  was  to  be  2iBiJjextile,  Ihould 
be  a  common  year,  and  con  fid  only  of 
365  days;  but  that  being  too  much, 
every  fourth  hundred  was  to  remain 
Bijfextile,  This  form  of  reckoning  be¬ 
ing  edablidied  by  the  authority  of  Pope  ‘ 
Cregonan  Xlil.  is  Called  thc  GrC^  orian  1 

Jccounty  yf  ^  1  TV  -  o  ,  1  -  T 

cr  New  Account^  or  the  New  Style ;  and  is  ob- 
S/yie,  ferved  in  all  the  countries  where  the 
authority  of  the  Pope  is  acknowledged, 
and  likewife  by  feveral  nations  of  the 
reformed  religion.  There  being  now 
above  an  hundred  years  pad,  fince  the 
reformation  was  made  in  the  kalendar,  ' 
the  Gregorian  account  has  accordingly 
got  before  the  Julian  one  day  more 
than  it  was  in  the  time  of  its  inditu- 
tion,  the  difference  between  thefe  two  - 
accounts  being  now  eleven  days  ;  fo  that 
^  the  fil'd  day  of  any  month,  according 

to 
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to  that  way  of  reckoning,  is  the  1 2th 
of  the  fame  month,  according  to  the 
New  Style. 

\ 

I  fhall  conclude  this  feclion  with  a 
brief  account  of  the  Atmofphere. 

The  Atmofphere  is  that  thin  Body  of 
air  which  furrounds  the  Earth,  in  which 
the  clouds  hover,  and  by  which,  in  their 
defcent,  they  are  broke  into  drops  of 
rain  j  which  fometimes,  according  to 
the  warmth  or  coldnefs  of  air,  are 
froze  into  Sro'w,  or  Hailjlones.  l^himder 
and  Ltghtfiing  are  alfo  made  in  the  At¬ 
mofphere  ^  and  wind  is  nothing  elfe  but 
a  percufiion  of  the  air,  occahoned  by 
its  different  denfity  in  different  places. 

The  benefits  we  receive  from  the  atmo¬ 
fphere  are  innumerable  ;  without  air  no 
earthly  creature  could  live,  as  is  plainly 
proved  by  experiments  made  by  the 
Air-Pump  ;  and  the  wholefomenefs  of 
a  climate  chiefly  depends  upon  that  of 
its  air :  If  there  was  no  atmofphere  to 
refleft  the  rays  of  the  Sun,  no  part  of 
the  heavens  would  be  lucid  and  brighti 
but  that  wherein  the  Sun  was  placed ; 
and  if  a  fpedfator  fliould  turn  his  back 
towards  the  Sun,  he  would  immediately 
perceive  it  to  be  quite  dark,  and  the 
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leaft  Stars  would  be  feen  fhining  as  they 
do  in  the  cleareft  night ;  and  the  Sun 
immediately  before  his  fetting,  would 
fliine  as  brifk  as  at  noon,  but  in  a  mo¬ 
ment,  as  foon  as  he  got  below  the  ho¬ 
rizon,  the  whole  hemifphere  of  the 
Earth  would  be  involved  in  as  great  a  1 
darknefs  as  if  it  were  midnight. 

But  by  rheans  of  the  atmofphere  it 
happens,  that  while  the  Sun  is  above 
the  horizon,  the  whole  face  of  the  hea¬ 
vens  is  ftrongly  illuminated  by  its  rays, 
fo  as  to  obfcure  the  faint  light  of  the 
Stars,  and  render  them  invifible ;  and 
after  Sun-fetting,  though  we  receive  no 
diredf  light  from  him,  yet  we  enjoy  its 
reflected  light  for  fome  time :  For  the 
atmofphere  being  higher  than  we  are, 
is  a  longer  time  before  it  is  withdrawn 
from  the  Sun  (as  if  a  man  was  to  run 
to  the  flop  of  a  fteeple,  he  might  'fee  the 
Sun  after  it  had  been  fet  to  thofe  at  the  ’ 
bottom.)  The  rays  which  the  atmo-  ■ 
fphere  receives  from  the  Sun,  after  he  is 
withdrawn  front  our  fight,  are  by  re- 
fradlion  faintly  tranfmitted  to  us  ;  until 
the  Sun  having  got  about  i8  degrees 
below  the  horizon,  he  no  longer  en¬ 
lightens  our  atmol^here,  and  then  all 
that  part  thereof  which  is  over  us  be- 

3  comes 
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comes  dark.  After  the  fame  manner  in 
the  morning,  when  the  Sun  comes  with¬ 
in  1 8  degrees  pf  our  horizon,  he  again 
begins  to  enlighten  the  atmofphere,  and 
fo  more  and  more  by  degrees,  until  he 
rifes  and  makes  full  day. 

This  fmall  illumination  of  the  atmo¬ 
fphere,  and,the  flate  of  the  Heavens  be¬ 
tween  day  and  night,  is  called  the  “Twi-  Twilight, 
light,  or  the  Crepufculum, 

The  duration  of  twilight  is  different 
in  different  climates,  and  in  the  fame 
place  at  different  times  of  the  year.  \ 
The  beginning  or  ending  of  twilight 
being  accurately  given,  we  may  from 
thence  eafily  find  the  height  of  the  at-^ 
mofphere,  which  is  not  always  the  fame. 

The  mean  height  of  the  atmofphere  is  • 
computed  to  be  about  40  miles  ;  but  it 
is  probable,  the  air  may  extend  itfelf  a 
great  deal  further,  there  being  properlf 
no  other  limits  to  it,  as  we  can  conceive, 
but  as  it  continually  decreafes  in  denfity 
the  more  remote  it  Is  from  the  Earth, 
in  a  certain  ratio ;  which  at  lad:,  as  to 
our  conception,  muft  in  a  manner  ter¬ 
minate. 
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Latitude, 


SECT.  II. 
Geographical  Definitions. 

Of  the  Situations  of  Places  upon  the 
'  Parth  j  of  the  differetit  Situations  of  its 
Inhabitants ;  of  Zones  atid  Climates, 

^  I  ^HE  fituations  of  places  upon  the 
Earth,  are  determined  by  their 
Latitude  and  Longitude. 

I. '  The  Latitude  of  any  place  (upon 
the  Earth)  is  its  neareft  diftance,  either 
North  or  South  from  the  Equator  ^  and 

if  the  place  be  in 

fphere,  it  Is  accordingly  called 

'  (^South  3 

Latitude ;  and  is  meafured  by  an  arch> 
of  the  meridian  intercepted. betwixt  the 
zenith  of  the  faid  place,  and  the  equator. 
And  all  placed  that  lie  on  the  fame  fide, 
and  at  the  fame  diftance  from  the  equa- 
•  -  '  tor. 
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tor,  ^are  faid  to  be  in  the  fame  parallel 
of  latitude  :  the  parallels  in  Geography, 
being  the  fame  with  the  parallels  of  de¬ 
clination  m  ^rofiomy ,  ... 

From  this  definition  arifethe  follow¬ 
ing  Corollaries. 

(i.)  That  no  place  can  have  above  90 
degrees  of  latitude,  either  North  or  South. 

(2.)  Thofe  places  that  lie  under  the 
equinoBial  {or  thro  which  the  equator 
pajfes)  have  no  latitude,' it  being  from 
thence  that  the  calculatioji  of  latitudes  is 
counted  -,  and  thofe  places  that  lie  under 
the  Poles  have  the  great  eft  latitude,  thofe 
points  being  at  the  greatef  difiance  from 
the  equator. 

(3.)  The  latitude  of  any  place  is  al¬ 
ways  equal  to  the  elevation  oj  the  Pole  in 
the  fame  place  above  the  horizon ;  and  is 
therefore  often  expreffed  by  the  Pole's 
height,  or  elevation  of  the  Pole  ;  the  rea- 
fon  of  which  is,  becaufe  jrom  the  equator 
to  the  Pole  there  is  always  the  diftance  of 
90  degrees,  and from  the  zenith  to  the.  ho¬ 
rizon  the  fame  number  of  degrees,  each  of 
thefe  including  the  diftance  from  the  ze- 
qiith  to  the  Pole :  That  diftance  therefore 
^03  being 
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being  taken  away  from  both,  will  leave 
the  di/lance  from  the  zenith  to  the  equa~ 
tor,  {which  is  the  latitude)  equal  to  the, 
difiance  of  the  Pole  to  the  horizon. 


(4. )  T'he  elevation  of  the  equator  in  any 
place  is  always  equal  .to  the  complement  of 
the  latitude  oj  the  fame  place. 


(5.)  A  fiip  failed  direBly 

the  equator  <  ^  >  her  latitude, 

^  (^augments  y  ’ 

as  is  her  difance  failed. 


Difference  2 .  Difference  of  latitude  is  the  neareft 
diftance  betwixt  any  two  parallels  of 
latitude,  (hewing  how  far  the  one  is  to 
the  Northward  or  Southward  of  the  o- 
ther,  which  can  never  exceed  1 8 o  degrees.’  / 
And.  when  the  two  places  are  in  the 
fame  hemifphere  (or  on  the  fame  fide 
of  the  equator)  the  leffer  latitude  fub- 
tradled  from  the  greater,  and  when 
they  are  on  different  Tides  of  the  equa¬ 
tor,  the  two  latitudes  added  together, 
gives  the  difference  of  latitude. 


3-  The 
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3.  The  Longitude  of  any  place  (upon  W'* 
the  Tarth)  is  an  arch  of  the  equator, 
contained  betwixt  the  meridian  of  the 
given  place,  and  fome  fixed  or  known 
meridian  ;  or,  it  is  equal  to  the  angle 
formed  by  the  two  meridians,  which 
properly  can  never  exceed  180  degrees, 
tho’  fometimes  the  Longitude  is  counted 
Eafierly  quite  round  the  globe. 

Since  the  meridians' are  all  moveable, 
and  not  one  that  can  be  fixed  in  the 
heavens,  (as  the  equinocfial  circle  is 
fixed,  from  whence  the  latitudes  of  all 
places  are  determined  to  be  fo  niuch 
either  North  or  South)  the  longitudes 
of  places  cannot  fo  well  be  fixed  from 
any  other  meridian,  but  every  Geogra- 
.  pher  is  at  his  liberty  to  make  which  he 
pleafes  his  firft  meridian,  from  whence 
to  calculate  the  longitudes  of  other 
places.  Hence  it  is,  that  geographers 
of  different  nations  reckon  their  Ion-  , 
gitudes  from  different  meridians,  com¬ 
monly  choofing  the  meridian  paffing 
through  the  metropolis  of  their  own 
country  for  their  firft :  Thus,  the  Eng- 
up  ’geographers  generally  make  the 
meridian  of  London  to  be  their  firft,  the 
French  that  of  Pnris^  and  the  Dutcio 
that  of  Amfierdam^  &c.  and  mariners 

G  4  '  gene- 
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generally  reckon  the  longitude  from  the 
lafb  known  land  they  faw.  This  arbi¬ 
trary  way  of  reckoning  the  longitude 
from  different  places,  makes  it  ncceffary, 
whenever  we  exprefs  the  longitude  of 
any  place,  that  the  place  from  vyhence 
it  is  counted  be  alfo  exp  relied. 

From  the  preceding  definitions  'arife 
the  following  corollaries  : 

1 .  If  a  body  Jhould  fleer  direBly  Norths 
or  direSily  South,  quite  round  the  globe, 
hell  continually  chafige  his  latitude  ;  and 
pafs  through  the  two  Poles  of  the  world, 
without  deviating  the  leaf:  from  the  me¬ 
ridian  of  the  place  he  departed  from  ;  and 
confequently ,  on  his  return  will  not  differ 
in  his  account  of  time  from  the  people  re- 
flding  in  the  faid  place ^ 

t 

2 .  If  a  body  fldoiild  fleer  round  the  globe,  I 
either  due  Eafl,  or  due  JVefl,  hell  continu-  | 
ally  change  his  longitude,  'but  will  go  quite 

^  ound  without  altering  his  latitude  and 
if  his  courfe  ' flo all  be  due  Eaf,  he'll  gain  a 
day  compleatly  in  his  reckoning,  or  'reckon 
one  day  more  than  the  'inhabitants  of  the 
place  from  whence  he  departed-,  or  if  his 
courfe  had  been  Wefl,  he  would  have  loft 
'one  day,  or  reckon  one  lefts.''  ' 

Thq 
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The  reafon  of  which  is  evident ;  for 
admitting  our  traveller  fleers  due  Eafl, 
fo  many,  miles  in  one  day  as  to  make 
his  difference  of  longitude  equivalent 
to  a  quarter  of  an  hour  of  time,  it  is 
evident  thfit  the  next  day  tlie  Sun  will 
rife  to  him  a  quarter  of  an  hour  fooner 
than  to  the  inhabitants  of  the  place 
from  whence  he  departed  ;  and  fo  daily, 
in  proportion'*' to  the  rate  he  travels, 
which  in  going  quite  round,  will  make 
up  one  natural  day.  In  like  manner,  if 
he  fleers  due  Weft  after  the  fame  rate, 
he’ll  lengthen  each  day  a  quarter  of  an 
hour’  and  confequently  the  Sun  will 
rife  to  him  fo  much  later  every  day ;  by 
which  means,  in  going  quite  round, 
he’ll  lofe  one  day  compleat  in  his  reck- 
onins;.  From  whence  it  follows, 

3 .  If  two  bodies  fould  fet  out  from  the 
fame  place,  one feer  mg  Eaf,  and  the  other 
Wef,  and  fo  continue  their  courfes  quite 
round,  until  they  arrive  at  the  place  from 
'whence  they  fet  out,  theyll  differ  two  days 
in  their  reckoning  at  the  time  of  their 
return. 

4.  If  a  body  fiould  feer  upon  an  oblique 
courfe  (or  any  where  betwixt  the  meri¬ 
dian  and  the  Eafl  or  Wefl  points)  he’ll 
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continually  change  both  latitude  and  longi¬ 
tude^  and  that  more  or  lefs^  according  to  the 
courfe  he  Jleers  ;  and  if  he  Jhould  go  quite 
round  the  globe,  hell  differ  in  bis  account 
of  time,  as  by  the  fecond  CoroL 

5,  Tloe  people  ref  ding  in  the  Eaftern- 
mofl  of  any  two  places,  will  reckon  their 
time  fo  much  the  fooner  than  thofe  who  live 
in  the  other  place,  according  to  the  differ-^ 
ence  of  longitude  betwixt  the  two  places, 
allowing  one  hour  for  every  15  degrees, 
&c.  a?2d  the  contrary. 


II.  Of  Zones  and  Climates,  &c. 


Zones,  4.  Zones  are  large  trails  of  the  fur- 

Earth,  diftinguiflied  by  the 
rate,  and  tropics  and  polar  circles,  being  five  in- 
Fi-igid.  number;  viz.  ont  Torrid,  \yNO  tempe¬ 
rate,  and  two  Frigid, 


The  Torrid,  or  Burning  Zone,  is  all 
the  fpace  comprehended  between  the 
two  tropics  :  The  ancients  imagined  this 
tradl  of  the  Earth  to  be  uninhabitable, 
becaufe  of  the  exceflive  heat,  it  being  fo 
near  the  Sun.  ’  All  the  inhabitants  of 
the  torrid  zone  have  the  Sun  in  their 
?enith,  or  exactly  over  their  heads  twice 
in  every  year  j  e:^cepting  thofe  v/ho  live 

ex- 
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exactly  under  the  two  tropics,  where 
the  Sun  comes  to  their  zenith  only  once 
in  a  year. 

The  two  T^efnpercite  Zones  lie  on  either 

fide  of  the  globe,  between  the  tropics 

and  the  polar  circles. 

*  • 

The  two  Frigid  Zones  are  thofe 
fpaces  upon  the  globe  that  are  included 
between  the  two  polar  circles. 

The  inhabitants  of  the  Earth  are  alfo 
diftinguifhed  by  the  diverfity  of  their 
Shadows.  Thofe  who  live  in  the  torrid 
zone,  are  called  Amphifcians,  becaufe 
their  noon-fhadow  is  caft  different  ways/"'"'”'; 
according  as  the  Sun  is  to  the  north¬ 
ward  or  fouthward  of  their  zenith ;  but 
when  the  Sun  is  in  their  zenith,  they 
are  called  Afcians.  *  J/aans» 

The  inhabitants  of  the  temperate 
zones,  are  called  Hcterofaans,  becauf^f^^"- 
their  noon-fhadow  is  always  caft  the^“"”"‘ 
fame  way  But  thofe  who  live  under  the 
tropics  are  AJctans  lActerofcians 

thofe  who  live  in  the  frigid  zones  are««j. 
called  PerifcianSj  becaufe  fometimes  their  Perifdant 
ihadow  is  caft  round  about  them. 


Thefe 
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•  Thefe  hard  names  are  only  Greek 
words,  importing  how  the  Sun  caJis 
the  fhadow  of  the  feveral  inhabitants 
of  the  Earth  j  which  -  would  be  a  too 
trifling  diffinclion '  to  be  -made  here,* 
was  it  not  for  the  fake  of  complying 
with  cuftom. 

The  inhabitants  of  the  Earth  arealfo 
diftinguifhed  into  three  forts,  in  rcfpect 
to  their  relative  fituation  to  one  ano¬ 
ther,  and  thefe  are  called  the  Pc-r/W, 
Antosci^  and  Antipodes. 

.  I  •  '  \ 

5.  The  Tericeci  are  thofe  who  live 
under  oppofite  points  of  the  fame  pa¬ 
rallel  of  latitude.  They  have  their  lea- 
fons  of  the  year  at  the  fame  time,  and 
their  days  and  nights  always  of  the  fame 
length  with  one  another,  but  the  one’s 
Noon  is  the  other’s  Midnight  j  and  wlieu 
the  Sun  is  in  the  equinoctial,  he  rife's 
with  the  one,  when  he  fets  with  the 
other.  Thofe  who  live  under  the  Poles 
have  no  Period. 

6.  The  Antceci  live  under  the  fame 
meridian,  and  in  the  lame  latitude,  but 
on  different  lides  of  the  equator ;  their 
feafons  of  the  year  are  contrary,  and 
the  days  of  the  one  are  equal  to  the 

nights 
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nights  of  the  other,  but  the  hour  of  the 
day  and  night  is  the  fame  with  both ; 
and  when  the  Sun  is  in  the  equin9Ctial, 
he  rifes  and  fets  to  both  exablJv  at  the 
iame  time.  Thofe  who  live  under  the 
equator  have  no  Anttsci. 

7.  The  Antipodes  are  thofe  who  live  Antipodes.. 
diametrically  oppofite  to  one  another, 
flanding,  as  it  were,  exa<5l]y  '  feet  to 

feet :  Their  days  and  nights,  fummer 
and  winter,  are  at^  diredl  contrary 
times. 

The  furface  of  the  Earth  is  by  fome 
diflinguifhed  into  Climates. 

8.  A  Climate  is  a  trad:  of  the  furface 
of  the  Earth,  included  between  two  fuch 
parallels  of  latitude,  that  the  length  of 
the  longeft  day  in  the  one  exceeds  that 
in  the  other  by  half  an  hour. 

The  whole  furface  of  the  Earth  is 
confidered  as  being  divided  into  60  cli¬ 
mates,  Az.  from  the  equator  to  each 
of  the  polar  circles  24,  arifing  from  the 
difference  of  4  an  hour  in  the  length  of 
their  longefl  days  ;  and  from  the  polar 
circles  to  the  Poles  themfelves,  are  fix, 
arifing  from  the  difference  of  an  entire  ’ 

month. 
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month,  the  Sun  being  feen  in  the  firft 
of  thefe  a  whole  month  without  fetting; 
in  the  fecond  two ;  and  in  the  third, 
three  months,  Thefe  climates 

continually  decreafe  in  breadth  the  far¬ 
ther  they  are  from  the  equator.  How 
they  are  framed,  viz,  the  parallel  of  la¬ 
titude  in  which  they  end  (that  being 
iikewife  the  beginning  of  the  next)  with 
the  refpeftive  breadth  of  each  of  thema 
is  (hewed  in  the  following  Table : 


^  TA- 
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J  TABLE  of  the  CLIMATES. 


Climates  between  the  Equator  a7id  the  Polar 

Circles,  ■  . 


Ai 


Cli¬ 

mates. 

Longeji 

Day. 

Latitude. 

D.  M. 

Breadtb.'\ 

D.  M.\ 

Cli¬ 

mates 

Longeji 

Day. 

Latitude. 
D.  M. 

Breadth 
D.  M. 

1 

8-34 

8 

34 

13 

18  4 

60  0 

I 

33  ; 

2 

»3 

16  44 

8 

10 

H 

19 

61  19 

1 

19 

3 

24  12 

7 

28 

»5 

19 

62  26 

1 

7 

41 

■4 

30  48 

6 

36 

16 

'20 

63  23 

0 

57 

5 

14  1 

36  31 

5 

43 

*7 

20  1 

64  10 

0 

47 

6 

41  24 

4 

53 

18 

21 

64  50 

0 

40 

7 

15  -i 

45  32 

4 

8 

19 

21  i 

65  22 

0 

32 

8 

16 

49  2 

3 

30 

20 

22 

65  48 

0 

26 

9 

16 

52  0 

2 

58 

21 

22  i 

66  7 

0 

19 

lO 

17 

54  30 

2 

30 

22 

23 

66  21 

0 

14 

1 1 

>7  4 

56  38 

2 

8 

23 

23 

1  66  29 

0 

8 

12 

18 

58  27 

I 

49 

24 

24 

66  32 

0 

3 

Climates  between  the  Polar  Circles  and  the 

Poles. 


Length  of  Days. 

Latitude. 

Length  of  Days. 

Latitude, 

Months. 

D.  M. 

Months. 

'D.  M. 

I 

67  17 

4 

78  2 

.  2 

69  39 

5 

83  20 

3 

74  18 

6 

90  0 
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III.  Of  the  Poetical  rifng  and fetting  of 
the  Stars. 

Cnfmical,  Tlic  ancicnt  Poets  make  frequent 
mention  of  the  Stars  rifing  and  fetting, 
acalrifing  either  Cofmically^  Acronically^  or  Helia- 
^nd/etting  cally ;  wheiicc  thefe  diftindtions  are 
called  Poetical. 

A  Star  is  faid  to  rife  or  fet  Cofmicallyy 
when  it  rifes  or  fets  at  Sun-rifing ;  and 
when  it  rifes  or  fets  at  Sun-fetting,  it  is 
faid  to  rife  or  fet  Acronically .  A  Star  rifes 
Heliacallyy  when  fird:  it  becomes  vifible, 
after  it  had  been  fo  near  the  Sun  as  to  be 
hid  by  the  fplendor  of  his  rays  :  And  a 
Star  is  faid  to  fet  Heliacallyy  when  it  is 
fird;  immerfedj  or  hid  by  the  Sun’s  rays. 

The  Fixed  Stars  ^  and  the  three  fuperior 
Planets,  Mars,  fiipiter^  and  Saturn^  rile 
!  Heliacally  in  the  morning  5  but  the  Moon 

rifes  Heliacally  in  the  evening,  becaufe 
the  Sun  is  fwifter  than  the  fuperior  Pla¬ 
nets,  and  dower  than  the  Moon. 

IV.  Of  the  furface  of  the  Earthy  confdered 

as  it  is  coinpofed  f  Land  a7id  Water* 

The  Earth  confid-s  naturally  of  two 
parts,  Land  and  Water,  and  therefore 

it 
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it  is  called  the  Terraqueous  Globe.  EacH 
of  thefe  elements  is  fubdivided  into 
various  forms  and  parts,  which  ac¬ 
cordingly  are  diftinguifhed  by  different 
names. 

S  ^  »  I 

I.  Of  the  Land. 

The  land  is  diftinguifhed  into  Con-^ 
tments^  Iflandsy ,  Peninfulas,  IfthmusSy 
Promontories^  Mountains^  or  Goafs, 

9.  A  Continent  is  a  large  quantity 
of  land,  in  vi^hich  many  great  countries 
are  joined  together,  without  being  fe- 
parated  from  each  other  by  the  fea: 
fuch  are  Europe,  Afia,  Africa,  and  the 
vaft  continent  of  America  which  four 
are  the  principal  divifions  of  tlie  Earth. 
A  continent  is  fometimes  called  the 
Main  Land. 

ib.  An  If  and  is  a  country,  or 
tion  of  land,  environed  round  with 
water :  fuch  are  Great  -  Britain  and 
Ireland*,  Sardinia,  Sicily,  &c.  in  the 
diterranean  Sea ;  the  IJles  of  JVight,  An- 
glefey,  &.c.  near  England.  Alfo  a  fmall 
part  of  dry  land,  in  the  midft  of  a  ri¬ 
ver,  is  called  an  iftand ;  and  a  greater 
iftand,  when  compared  to  a  left'er,  is 

H  called 
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called  the'  continent ;  as  if  we  compare 
the  IJle  of  Wight  to  England^  the  latter 
may  be  properly  called  the  continent. 

TcHinfuia.  n.  A  Penlnfiila  is  a  part  of  land 
almoft  environed  with  v/ater,  fave  one 
narrow  neck  adjoining,  it  to  the  conti¬ 
nent;  or  which  is  alinoft  an  ifland:  fuch  ^ 
Denmark  joining  to  Germany,  alfo 
Africa  is  properly  a  large  peninfula  join¬ 
ing  to  AJia. 

Jjhmus.  1 2 .  An  IJlhmiis  is  a'  narrow  neck  of 
land  joining  a  peninfula  to  the  conti-^ 
nent ;  as  the  Ijihmus  of  Sues,  which  joins 
Africa  to  Afia,  that  of  Panama,  joining 
North  and  America,  &c.  ** 

I 

Promcn-  1^.  A  Prcmo'iitor'y  is  a  high  part  of 
land  ftrctching  out  into  the.fea,  and  is 
often  called  a  Cafe  or  Headland:  fuch 
is  the  Cape  of  Good  Hope  in  the  South 
of  Africa ;  Cape  Finijlre  on  the  Weft 
of  Spain ;  alfo  the  Lizard  Point,  and 
the  La?id’s  End,  are  two  Capes  or  Head- 

Uomitain.  laiKis  Oil  thc  Weft  of  England.  A  Moim-^ 
tain  is  a  high  part  of  land  in  the  midft 
of  a  country,  over-topping  the  adja¬ 
cent  parts. 


;4.  A 
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14.  A  Coaf  or  Shore  is  that  part  of 
land  which  borders  upon  the  Tea,  whe- 
ther  it  be  in  iflands  or  a  continent :  And 
that  part  of  the  land  which  is  far  dif-  . 
tant  from  the  fea,  is  called  the  Inla?id  inland. 
Coimtry.  Thefe  are  the  ufual  diftinc- 
tions  of  the  land. 

The  Water  is  diftinguiflied  into 
Oceans j  Seasy  Lakes y  Gulfs y  Straits,  and 
Rivers. 

1 5 .  The  Ocean,  or  Main  Sea,  is  a  The  Oc^- 
vaft  fpreading  colleftion  of  water,  not 
divided  or  feparated  by  lands  running 
between ;  fuch  is  the  Atlantic  or  Wefern 
Ocean  ;  between  Europe  and  America  j 

the  Pacific  Ocean,  or  South  Sea,  See. 

Note,  Thofe  parts  of  the  ocean 
which  border  upon  the  land,  are  called 
by  various  names,  according  to  thofe 
of  the  adjacent  countries ;  as,  'the  Bri- 
tfio  Sea,  the  Irijh  Sea,  the  French  and 
Spanijh  Sea. 

> 

16.  A  Lake  IS  a  colle6liorL  of  deep^i^^ 
(landing  water,  inclofed  all  round  with 
land,  and  not  having  any  vifible  and 
open  communication  with  the  fea :  But 
when  this  lake  is  very  large,  it  is  com- 

H  2  monly 
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monly  called  a  lea ;  as  the  Cafpian  Sea 
in  AJia.,  &c. 

17.  A  Gulf  is  a  part  of  the  Tea  al- 
mofi  encompafTcd  with  land,  or  that 
which  runs  up  a  great  way  into  the 
land  j  as,  the  Gulf  of  Veitice,  &c.  But  if 
it  be  very  large,  ’tis  rather  called  an  In¬ 
land  SeUj  as  the  Baltic  Sea,  the  Mediter¬ 
ranean  Sea,  the  Red  Sea,  or  the  Arabian 
Gulf,  &c.  And  a  fmall  part  of  fea  thus 
environed  with  land  is  ufually  called 
a  Bay.  If  it  be  but  a  very  fmall  Part,  or, 
as  it  were,  a  fmall  arm  of  the  fea,  that 
runs  but  a  few  miles  between  the  land, 
it  is  called  a  Creek  or  Ha'ven. 

18.  A  Strait  is  a  narrov^  pafiage  ly¬ 
ing  between  two  fliores,  whereby  two 
feas  are  joined  together ;  as,  t\\Q  Straits 
of  Dover,  between  tlie  Brltlf  Channel 
and  the  German  Sea ;  the  Straits  of  Gib¬ 
raltar,  between  the  Atlantic  and  the  Me- 
ditn'ranean  Sea.  The  Mediterranean  it- 
felf  is  alfo  fometimes  called  the  Straits. 

Thefe  are  all  the  necelTary  terms 
commonly  ufed  in  Geography.  The 
names  of  tlie  feveral  countries  and  feas, 
and  all  the  principal  divifions  of  the 
Earth,  the  reader  will  find  exprefied 

upon 
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upon  the  Terreftrial  Globes.  To  give 
a  tolerable  account  of  the  produce  of 
each  country,  the  genius  of  the  people, 
their  political  inffitutioiis,  fife,  is^  pio- 
perly  a  particular  fubjea  of  itfelf,  and 
quite  foreign  to  our  defign.  We  lhall  . 
next  pfocecd  to  the  ufe  of  the  Glojes  ; 
but  firft,  it  may  not  be  amifs  to  take  a 
^]^ort  C)f  their  appuitenanees. 

Thofe  circles  of  the  fphere  that  are 
fixed^  are  (as  has  been  already  faid) 
drawn  upon  the  Globes  themfelves ;  thoft 
that  are  moveable^  are  fupplied  by^  the 
Brajs  Meridicirij  the  W wde;2  Ho7''izo?ty 
the  ^lucidi" ciut  oj"  jUtitude ,  , 

I .  That  fide  of  the  Brazen  Meridian^ 
which  is  divided  into  degrees,  reprefents 
the  true  Meridian ;  this  fide  is  com¬ 
monly  turned  towards  the  Eaft,  and  tis 
‘  iifual  to  place  the  globe  fo  before  you, 
that  the  North  be  to  the  right-hand, 
and  the  South  to  the  left.  The  me- 
I  ridian  is  divided  into  4  quadrants,  each 
I  being  90  degrees,  two  of  which  are 
^  numbered  from  that  part  of  the  equi- 
nodial,  which  is  above  the  horizon,  to-  , 
wards  each  of  the  Poles  ;  ^the  othei  ^ 
quadrants  are  numbered  rrom  the  1  oles 

towards  the  equator.  1.  he  reaion 

nr  ^  .  two 
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two  quadrants  of  the  meridian  are  num-r 
bered  from  the  equator,  and  the  other , 
two  from  the  Poles,  is  becaufe  the  for¬ 
mer  of  thefe  two  ferve  to  fhew  the  difr 
tance  of  any  point  on  the  globe  from  the 
equator,  and  the  other  to  elevate  the 
globe  to  the  latitude  of  the  place.- 

2.  The  upper  fide  of  the  wooden 
frame  called  the  Wooden  Horizon^  re-f 
prefen ts  the  true  horizon  ;  the  circles 
drawn  upon  this  plane  have  been  alrea¬ 
dy  defcribed  j  we  may  obferve,  that  the 
hrfi:  point  of  -t  is  the  Eaft,  and  the  op- 
pofite  being  the  firft  point  of  is  the 
Weft,  the  meridian  paffing  through  the 
North  and  South  points. 

\ 

3.  The  ^ladrant  of  Altittide  is  a 
flexible  plate  of  thin  brafs,  having  a  nut 
and  fcrew  at  one  end,  to  be  faftened  to 
the  meridian  of  either  globe,  as  occafton 
requires.  The  edge  of  this  quadrant 
which  has  the  graduations  upon  it,  call¬ 
ed  the  fiducial  edge,  is  that  which  is  al¬ 
ways  meant  whenever  we  make  mention 
of  the  quadrant  of  altitude.* 

4.  The  Horary  or  Hour  Circle^  is  di^ 
vidcd  into  twice  twelve  hours,  the  two 
Niks  coinciding  with  the  meridian ;  the 

upper- 
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uppermoft  XII.  is  that  at  Noon,  and  the 
lovvermoft  towards  the  horizon  is  XII. 
at  Night.  The  hours  on  the  Enft  fide 
of  the  meridian  are  the  Morning  Hours, 
and  thofe  on  the  Weji  fide  the  Hours  af¬ 
ter  Noon.  The  axis  of  the  globe  carries 
round  the  Hand  or  Index  which  points 
the  hour,  and  pafTes  through  the  center 
of  the  hour  circle. 

i 

The  things  above  deferibed  are  comr 
rnon  to  both  globes ;  but  theie  aie  fbme 
others  which  are  peculiar  or  proper  to 
one  fort  of  globe.  The  two  Colures,  and 
the  Circles  of  Latitude  from  the  eclip¬ 
tic,  belong  only  to  the  Celeftial  Globes  ; 
alfo  .the  ecliptic  itfelf  does  properly  be¬ 
long  only  to  this  globe,  tho  it  is  always 
drawn  on  the  Terreftrial,  for  the  fake  of 
thofe  that  might  not  have  the  other  globe 
by  them.  The  ecjuinodfial  on  the  celeftial 

globe  is  always  numbered  into  360  de¬ 
grees,  beginning  at  the  equinodial  point 
^  ;  but  on  the  terreftrial,  it  is  arbitrary  ; 
where  thefe  numbers  commence,  accord¬ 
ing^  to  the  meridian  of  what  place  you 
intend  for  your  firft ;  and  the  degrees  may 
be  counted  either  quite  round  to  360, 
or  both  ways,  ’till  they  meet  in  the  op- 
pofite  part  of  the  meridian,  at  180. 

H  4 
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SECT,  III. 

7he  USE  of  the  Globes, 

pROBLEp^  1.  To  find  the  Latitude  and 
Longitude  ofi  any  given  Place  upon  the 
Globe',  and,  on  the  contrary,  the  Lati¬ 
tude  and  Longitude  being  given,  to  find 
the  Place, 


Turn  the  globe  round  its  axis, 
’till  the  given  place  lies  exadllv 
under  the  (Eaftern  fide  of  the  brafs) 
meridian ;  then  that  degree  upon  the 
meridian,  which  is  diredtly  over  it,  is 
the  Latitude  j  which  is  according-ly 
North  or  South,  as  it  lies  in  the  North¬ 
ern  or  Southern  hemi/phere. 


^  The  globe  remaining  in  the  fame  por¬ 
tion,  thatdegree  upon  the  equator  which 
IS  cut  by  the  brazen  meridian,  fis  the 
Longitude  required  from  the  firft*  meri¬ 
dian  upon  the  globe.  If  the  longitude 
s  counted  both  ways  from  the  firR  me¬ 
ridian. 
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ridian  upon  the  globe,  then  we  are  to 
confidcr,  whether  the  given  place  lies 
Eafterly  or  V/efterly  from  the  firft  me¬ 
ridian,  and  the  longitude  m.uft  be  ex- 
prelied  accordingly. 

The  Latitudes  of  the  following  pla¬ 
ces  ;  and,  upon  a  globe  where  the  longi¬ 
tude  is  reckoned  both  ways  from  the 
meridian  of  London,  their  longitudes 
will  be  found  as  follow  : 

Latitude.  Longitude. 

Deg.  Deg. 

- 42  North.  i2t  Eaft, 

Paris  -  -  -  48  4  N.  2  4  'E. 

Mexico  -  -  20  N.  102  W, 

Cape  Horn  -  56  S,  67  ?  W. 

2.  L’he  Latitude  and  Longitude  hehig 
gi'ven,  to  find  the  Place. 

Seek  for  the  given  longitude  in  the 
equkor,  and  bring  that  point  to  the 
meridian ;  then  count  from  the  equa¬ 
tor  on  the  meridian  the  degree  of  lati¬ 
tude  given,  towards  the  ardtic  and  an- 
tarftic  Pole,  according  as  the  latitude 
is  Northerly  or  Southerly,  and  under 
that  de2;ree  of  latitude  lies  the  Place 
required . 

Prob. 
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Pkob.  II.  To  fmd  the  Difference  of  La^ 
ti tilde  between  any  two  given  Places. 

Bring  each  of -the  places  propofed 
■fuccelTively  to  the  meridian,  and  obferve 
where  they  interfed  it,  then  the  number 
of  degrees  upon  the  meridian,  contained 
between  the  two  interfeclions,  will  be 
the  Difference  of  Latitude  vccyantd.  Or, 
if  the  places  propofed  are  on  the  fame 
fide  of  the  equator,  having  firft  found 
their  latitudes,  fubtrad  the  lelfer  from 
the  greater;  but  if  they  are  on  contrary 
fides  of  the  equator,  add  them  both  to¬ 
gether,  and  the  difference  in  the  firfl 
cafe,  and  the  fum  in  the  latter,  will  be 
tlie  difference  of  latitude  required. 

Thus  the  difference  of  latitude  be-, 
twixt  London  and  Rome  will  be  found  to 
be  9f  degrees  ;  betwixt  Paris  and  Cape 
Bona  Efperance  83  degrees. 

Prob.  III.  To  find  the  Difference  of  Lon-% 
gitude  betwixt  any  two  given  Places. 

Bring  each  of  the  given  places  fuc-, 
ceffively  to  tlie  meridian,  and  fee  where 
the  meridian  cuts  the  equator  each  time; 
the  number  of  degrees  contained  be¬ 
twixt  thofe  two  points,  if  it  be  lefs  than 
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180  degrees,  otherwife  the  remainder 
to  360  degrees,  will  be  the  difference  of 
longitude  required.  Or, 

Having  brought  one  of  the  given 
places  to  the  meridian,  bring  the  index 
of  the  hour  circle  to  12  o’clock;  then 
having  brought  the  other  place  to  the 
meridian,  the  number  of  hours  contain¬ 
ed  between  the  place  the  index  was  firft 
fet  at,  and  the  place  where  it  now  points, 
is  the  difference  of  longitude  in  time  be¬ 
twixt  the  two  places. 

Thus  the  difference  of  longitude  be¬ 
twixt  Ro7ne  and  Coiijiantinople  will  be 
found  to  be  1 6.  degi4s,  or  i  hour  and 
fix  minutes  ;  betwixt  Mexico  and  Pekiii 
in  China,  142  degrees,  or  94  hours. 

Prob.  IV.  A?ty  Place  being  given,  to 
find  all  thofe  Places  that  arc  in  the  fame 
Latitude  vcith  the  fame  Place. 

The  latitude  of  any  given  place  be¬ 
ing  marked  upon  the  meridian,  turn 
the  globe  round  its  axis,  and  all  thofe 
places  that  pafs  under  the  fame  rnark 
are  in  the  fame  latitude  with  the  given 
place,  and  have  their  days  and  nights  of 
pqual  lengths.  And  when  any  place 
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is  brought  to  the  meridian,  all  the  in¬ 
habitants  that  lie  under  the  upper  fe- 
mi-circle  of  it,  have  their  Noon  or 
Mid-day  at  the  fame  point  of  abfolute 
time  exactly. 

Prob.  V.  T^he  day  of  the  MG?2th  being 
given,  to  find  the  Suns  Place  in  the 
Ecliptic,  and  his  Declination. 

I .  To  find  the  Sun  s  Place  :  Look  for 
the  day  of  the  month  given  in  the  ka- 
iendar  of  months  upon  the  horizon,  and 
right  againft  it  you’ll  find  that  fign  and 
degree  of  the  ecliptic  which  the  Sun  is 
in.  The  Sun’s  place  being  thus  found, 
look  for  the  fame  in  the  ecliptic  line 
which  is  drawn  upon  the  globe,  and 
bring  that  point  to  the  meridian,  then 
that  degree  of  the  meridian,  which  is 
di-edtly  over  the  Sun’s  place,  is  the  De¬ 
clination  required  ^  which  is  accordingly 
either  North  or  .^outh,  as  the  Sun  is  in 
the  Northern  or  Southern  figns .  Thus, 


Sun  s  Place,  Declination. 


De 

‘<T 

' 

Min. 

Deg. 

Min. 

April  23 

3 

00 

12 

32N. 

jay  3 1 

a 

7 

51 

18 

20  N. 

(Jcdobcr  26 

n 

2 

49 

12 

28  S. 

fanuary  20 

/vw 

Q 

49 

20 

07  S. 
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p rob.  VI.  To  reBify  the  Globe  for  the 
Latitude Zenith-^  and  the  Sun  s  Llace. 

I .  For  the  Latitude :  If  tiie  place  be 
in  the  Northern  hcnVirphere,  raife  the 
arctic  Pole  above  the  horizon  ;  but  for 
;  the  South  latitude  you  muft  raife  the 
I  antardtic  ;  then  move  the  meridian  up 
and  down  in  the  notches,  until  the  de¬ 
grees  of  the  latitude  counted  upon  the 
meridian  below  the  Pole,  cuts  the  hori¬ 
zon,  and  the  globe  is  adj  Lifted  to  the  la¬ 
titude. 

2.  To  reBify  the  Globe  for  the  Zenith: 
Having  elevated  the  globe  according  to 
the  latitude,  count  the  degrees  thereof 
upon  the  meridian  from  the  equator, 
towards  the  elevated  Pole,  and  that 
point  will  be  the  zenith  or  the  vertex  of 
the  place  ^  to  this  point  of  the  meridian 
faften  the  quadrant  of  altitude,  fo  that 
the  graduated  edge  thereof  may  be 
joined  to  the  faid  point. 

3 .  Bring  the  Sun’s  place  in  the  eclip¬ 
tic  to  the  meridian,  and  then  fet  the 
hour  index  to  XII  at  Noon,  and  the 
globe  will  be  reftified  to  the  bun  s  Place, 
If  you  have  a  little  mariner  s  compafs, 
the  meridian  of  the  globe  may  be  cafiiy 
fet  to  the  meridian  of  the  place. 
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Pros.  VTI.  ’To  find  the  D  fiance  between 
any  two  given  places  upon  the  Globe^ 
and  to  find  all  thofe  places  upon  the 
llobe  that  are  at  the  fame  dfiance  front 
a  given  place 

Lay  the  quadrant  of  altitude  over 
both  the  places,  and  the  number  of  de¬ 
grees  intercepted  between  them  being  re¬ 
duced  into  miles,  will  be  the  diftance 
required :  Or,  you  may  take  the  diftance 
betwixt  the  two  places  with  a  pair  of 
compalTes,  and  applying  that  extent  to 
the  equator,  you’ll  have  the  degrees  of 
diHance  as  before. 


\ 

* 

i 

i 


Note^  A  geographical  mile  is  the  -A-tli  • 
part  of  a  degree  j  whereof  if  you  mul¬ 
tiply  the  number  of  degrees  by  6o,  the 
produ6l  will  be  the  number  of  geogra¬ 
phical  miles  of  diftance  fought ;  but  to 
reduce  the  fame  into  Englfio  miles,  you 
mull  multiply  by 70,  becaufe' about  70 
Etiglijh  miles  make  a  degree  of  a  great 
circle  upon  the  fuperficies  of  the  Earth. 

Thus,  the  diffance  betwixt  London  \ 
and  Rome  will  be  found  to  be  about  1 3 
degrees,  which  is  780  geographical 
miles. 


If 
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If  you  reflify  the  globe  for  the  lati¬ 
tude  and  zenith  of  any  given  place,  and 
bring  the  faid  place  to  the  meridian ; 
then  turning  the  quadrant  of  altitude 
about,  all  thofe  places  that  are  cut  by 
the  fame  point  of  it,  are  at  the  fame 
<iiftance  from  the  given  place. 

pROB.  VIII.  To  find  the  angle  of  pofition 
of  Places,  or  the  angle  formed  by  the 
meridian  of  one  Place,  and  a  great  cir^ 
cle  pajjing  through  both  the  Places. 

* 

Having  redlified  the  globe  for  the 
latitude  and  zenith  of  one  of  the  given 
places,  bring  the  faid  place  to  the  me¬ 
ridian,  then  turn  the  quadrant  of  alti- 
i  tude  about,  until  the  fiducial  edge 
thereof  cuts  the  other  place,  and  the 
number  of  degrees,  upon  the  horizon, 
contained  between  the  faid  edge  and  the 
meridian,  will  be  the  angle  of  pofition 
fought. 

Thus,  the  angle  of  pofition  at  the  L/- 
:  Sisard,  between  the  meridian  of  the  L/- 
I  zard  and  the  great  circle,  paffing  from 
thence  to  Barbadoes  is  69  degrees  South- 
Wefterly;  but  the  angle  of  pofition  be¬ 
tween  the  fame  places  at  Barbadoes,  is 
but  38  degrees  North-Eafterly. 

r'  SCHO- 


112 


7'be  Ufe  cf  1 

SCHOLIUM.  ^ 

The  angle  of  pofition  between  twb  ' 
places  is  a  different  thing  from  what  is  j 
meant  by  the  bearings  of  places ;  the  1 
Bearings  of  two  places  is  determined  by  ; 
a  fort  of  fpiral  line,  called  a  Rhu?nb  [ 
Line,  pahing  between  them  in  fuch  a  ? 
manner,  as  to  make  the  fame  or  equal  1 
angles  with  all  the  meridians  through 
which  it  pafleth  3  but  the  a?igle  of  po¬ 
fition  is  the  very  fame  thing  with  what 
we  call  the  azimuth  in  affronomy, 
both  being  formed  by  the  meridian  and 
a  great  circle  paffing  thro’  the  zenith  . 
of  a  given  place  in  the  heavens,  then 
called  the  azimuth,  or  upon  the  Earth,  s 
then  called  the  angle  of  pofition. 

From  hence  may  be  fliewed  the  error 
of  that  geographical  paradox,  viz.  If 
a  place  A  bears  from  another  B  due 
Weif,  B  lhall  not  bear  from  A  due  Enft. 

I  find  this  paradox  vindicated  by  an 
author,  who  at  the  fame  time  gives  a 
true  definition  of  a  rhumb  line:  But 
his  arguments  are  ungeometrical ;  for 
if  it  be  admitted  that  the  Eaft  and  } 
Weft  lines  make  the  fame  angles  with  [ 
all  the  meiidians  through  which  they 
pafs,  it  will  follow  that  theie  lines  are 
3  '  the 
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the  parallels  of  latitude :  For  any  pa¬ 
rallel  of  latitude  is  the  continuation  of 
the  furface  of  a  Co?2e,  whofe  lides  are  the 
radii  of  the  fphere,  and  circumference 
of  its  bafe  the  faid  parallel ;  and  it  is  evi¬ 
dent,  that  all  the  meridians  cut  the 
faid  fu]'face  at  right  (and  therefore  at 
equal)  angles ;  whence  it  follows,  that 
the  rhumbs  of  Eafl  and  Weft  are  the 
parallels  of  latitude,  though  the  cafe 
may  feem  different,  wEen  we  draw 
inclining  lines  (like  meridians)  upon 
paper,  without  carrying  our  ideas  any 
farther. 

Prob.  IX.  T'o  find  the  Antctci,  Perioeci, 
mid  Antipodes  to  any  given  place. 

Bring  the  given  place  to  the  meridian, 
and  having  found  its  latitude,  count  the 
fame  number  of  degrees  on  the  meri-, 
dian  from  the  equator  towards  the  con- 
traiy  Pole,  and  that  will  give  the  place 
of  the  Antccci.  The  globe  being  ftill 
in  the  fame  pofition,  fet  the  hour  index 
to  XII  at  noon,  then  turn  the  globe  a- 
bout  ’till  the  index  points  4:o  the  lower 
XII  j  the  place  which  then  lies  under  the 
meridian,  having  the  fame  latitude 
with  the  given  place,  is  the  Periled  re¬ 
quired.  As  the  globe  now  ftands,  the 

I  An- 
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Antipodes  of  the  given  place  are  under 
the  lame  point  of  the  meridian,  that  its 
Antoeci  Hood  before :  Or,  if  you  reckon 
i8o  degrees  upon  the  meridian  from 
the  given  place,  that  point  will  be  the 
Antipodes.  Let  the  given  place  be  Lon- 
don^  in  the  latitude  of  51  -r  degrees 
North,  that  place  which  lies  under  the 
fame  meridian,  and  the  latitude  51  4 
degrees  South,  is  the^A^te/ ;  that  wdiicli 
lies  in  the  fame  parallel  with  London,  and 
1 80  degrees  of  longitude  from  it,  is  the 
Ferioeci,  and  the  Antipodes  is  the  place 
whofe  longitude  from  Lojidon  is  180 
degrees,  and  latitude  ci  4  deg-rees 
South.  ^ 


Pros.  X.  F'he  Hour  of  the  Hay  at  one 
place  being  given ;  to  find  the  corf'efpon- 
dent  Hour  [or  what  d Clock  it  is  at  that 
time)  in  any  other  place. 


The  difference  of  time  betwdxt  two 
places  is  the  fame  with  their  difference 
of  longitude ;  wherefore  having  found 
their  difference  of  longitude,  reduced 
into  time  (by  allowing  one  hour  for 
every  1 5  degrees,  & c. )  and  if  the  place 
where  the  hour  is  required  lies 

place  where  the 

o 

®  hour 
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hour  is  given, 

ence  of  longitude  reduced  into  time 
^from^  the  hour  given;  and  the  fum 

or  remainder  will  accordingly  be  the 
hour  required.  Or, 

Having  brought  the  place  at  which 
the  hour  is  given  to  the  meridian,  fet 
the  hour  index  to  the  given  hour ;  then 
turn  the  globe  about  until  the  place 
where  the  hour  is  required  comes  to  the 
meridian,  and  the  index  will  point  out 
the  hour  at  the  faid  place. 

Thus  when  it  is  Noon  at  London,  it  is 

H.  M. 

rRome  -  -  -  -  o  5^^* 

jConJtantinople  -  i  56  P.  IVl. 

^^\Vera-Crux  -  -  6  30  A.  M. 

(_  Pekin  m  CJjina  -  7  46  P.  M. 

pROB.  XI.  Lhe  Lay  of  the  Month  being 
given,  to  find  iho  fe  places  on  the  globe 
‘where  the  Sun  vcill  be  Vertical,  or  in 
the  Zenith,  that  day. 

Having  found  the  Sun’s  place  in  the  , 
ecliptic,  bring  the  lame  to  the  meridian, 
and  note  the  degree  over  it ;  then  tin  n- 

I  2  ing 
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ing  the  globe  round,  all  places  that  pafs 
under  that  degree  will  have  the  Sun  ver¬ 
tical  that  day. 


Prob.  XII.  phice  hetrig  given  ill  the 
Torrid  Zone,  to  find  thofie  tveo  Days 
in  which  the  Sun  fi.all  heVei'tical  to  the 
fame. 


Bring  the  given  place  to  the  meridian, 
and  mark  what  degree  of  latitude  is 
exaclly  over  it ;  then  turning  the  globe 
about  its  axis,  thofe  two  points  of  the 
ecliptic,  which  pafs  exaclly  under  the 
faicl  mark,  are  the  Sun’s  place  5  againfl 
which,  upon  the  wooden  horizon,  you’ll 
have  the  days  required. 


( 


Prob.  XIII.  To  find  where  the  Sun  is 
V ertical  at  any  given  ti?ne  afiigned-,  or 
the  Day  op  the  Mojith  a?2d  the  Hour  at 
any  Place  (fiuppofe  London)  being  gi^ 
ven,  to  find  in  what  place  the  Sun  is 
V ertical  at  that  very  time. 


Having  found  the  Sun’s  declination, 
and  bi ought  the  firil  place  {^Londojt^  to 
the  meridian,  fet  the  index  to  the  given 
hour,  then  turn  the  globe  about  until 
the  index  points  to  XII  at  noon  5  which 
being  done,  that  place  upon  the  globe 

which 


y 
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which  Hands  underthe point  of  theSun’s 
declination  upon  the  meridian,  has  the 
Sun  that  moment  in  the  Zenith. 


Prob.  XIV.  T^'he  Day^  and  f he  Hour  of 
the  Dav  at  one  placL\  being  given  \  to 
find  ail  thofe  places  up07i  the  Earthy 
'where  the  Sun  is  then  Rifiaig^  Settings 
Culminating  [or  on  the  meridiaii)  alfo  - 
where  it  is  Day -lights  Dwilight^  Dark 
Night,  Midnight',  where  the  Twilight 
then  begins,  and  where  it  ends-,  the 
height  of  the  Sim  in  any  part  of  the  il¬ 
luminated  he/nifphere  ‘j  aJfo  his  depref- 
Jion  in  the  obfeure  hemifphere , 

Havin  g  found  the  place  where  the  Sun 
is  vertical  at  the  given  hour,  redlify  the 
globe  for  that  latitude,  and  bring  the 
faid  place  to  the  meridian. 

'  Then  all  thofe  places  that  are  in  the 
Weftern  femicircle  of  the  horizon,  have 
the  Sun  rifing  at  that  time. 


Thofe  in  the  Eaftern  femicircle  have 
it  fetting. 


To  thofe  who  live  under  the  upper  fe¬ 
micircle  of  the  meridian,  it  is  12  o’clock 
at  noon.  And, 


I  3 


# 


Thofe 
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Thofe  Vv^ho  live  under  the  lower 
femicircle  of 'the  meridian,  have  mid¬ 
night. 

Air  thofe  places  that  are  above  the 
horizon,  have  the  Sun  above  them,  jufi; 
fo  much  as  the  places  themfelves  are 
diftant  from  the  horizon  ;  which  height 
may  be  known  by  fixing  the  quadrant 
of  altitude  in  the  zenith,  and  laying  it 
over  any  particular  place. 

In  all  thoie  places  that  are  i  S  degrees 
below  the  Weftern  fide  of  the  horizon, 
the  twilight  is  juft  beginning  in  the 
morning,  or  the  day  breaks.  And  in 
all  thofe  places  that  are  1 8  degrees  be¬ 
low  the  Eaftern  fide  of  the  horizon, 
the  twilight  is  ending,  and  the  total 
darknefs  beginning. 

The  twilight  is  in  all  thofe  places 
whofe  deprcflion  below  the  horizon  does 
not  exceed  i8  degrees.  And, 

All  thofe  places  that  are  lower  than 
1 8  degrees,  have  dark  night. 

The  depreflion  of  any  place  below  the 
horizon  is  equal  to  the  altitude  of  its 
Antipodes,  which  may  be  eafily  found  by 
the  quadrant  of  altitude.  Prqij* 
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Prob.  XV.  T'he  Day  of  the  Month  being 
gi'-ccn  ;  to  Jhew^  at  one  vteWy  the  length 
of  Days  and  Nights  in  all  places  upo7i 
the  Earth  at  that  tme ;  and  to  explain 
how  the  vicijjttudes  of  Day  and  Night 
are  really  made  by  the  motion  of  the 
Earth  round  her  axis  z/z  24  hours ^  the 
Sun  flanding  JlilL 

The  Sun  always  illuminates  one  half 
of  the  globe,  or  that  hemifphere  which 
is  next  towards  him,  while  the  other 
remains  in  darknefs  :  And  if  (as  by  the 
lail  problem)  we  elevate  the  globe  ac¬ 
cording  to  the  Sun  s  place  in  the  ecliptic, 
it  is  evident,  that  the  Sun  (he  being  at 
an  immenle  diifance  from  the  Eaith) 
illuminates  all  that  hemifphere,  which 
is  above  the  horizon  ;  the  wooden  hori¬ 
zon  itfelf,  will  be  the  circle  terminating 
light  and  darknefs  j  and  all  thofe  places 
that  are  below  it,  are  wholly  deprived 
of  the  iolar  light. 

The  globe  flanding  in  this  pofition, 
thofe  arches  of  the  parallels  of  latitude 
wliich  fland  above  the  horizon,  are  the 
Diurnal  Arches,  or  the  length  of  the 
day  in  all  thofe  latitudes  at  that  time 
of  the  year  j  and  the  remaining  parts  of 
thofe  parallels,  which  are  below  the 

1  4  hori- 
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horizon,  are  the  NoBurnal  Arches^  or 
the  lengtn  of  the  night  in  thofe  places. 
The  length  of  the  diurnal  arches  may  be 
found  by  counting  how  many  hours  are 
contained  between  the  two  meridians, 
cutting  any  parallel  of  latitude,"  in  the 
Eaflern  andWeflern  parts  of  the  horizon. 

In  all  thofe  places  that  are  in  the 
V/efbern  lemicircle  of  the  horizon,  the 
Sun  appears  rifing :  For  the  Sun,  fL'and- 
ing  ftill  in  the  vertex  (or  above  the  brafs 
meiidian)  appears  Eafberly,  and  90  de- 
gi  eesdiffant  trcrn  all  thofe  places  that  are 
inthe  Weffein  femicirclcof  the  Iiorizon ; 
and  therefore  in  thofe  places  he  is  then 
lifing.  Now,  if  we  pitch  upon  any 
paiticular  place  upon  the  globe,  and 
bring  it  to  the  meridian,  and  then  brino* 
the  hour  index  to  the  lower  12,  which 
m  this  cafe  we  11  fuppofe  to  be  12  at 
noon  ;  (becaufe  otherwife  the  numbers 
upon  the  hour  circle  will  not  anfwer  our 
purpofe)  and  afterwards  turn  the  globe 
about  until  the  aforefaid  place  be  brought 

to  the  \Veffern  hde  of  the  horizon;  the 
index  will  then  Ihew  tlie  time  of  the 
Sun  rifii-jg  in  that  place.  Then  turn 
the  globe  gradually  about  from  Weft 

nnnding  the  hour  index, 
we  ihall  fee  the  progrefs  made  in  the 

day 


I 
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day  every  hour,  in  all  latitudes  upon 
the  globe,  by  the  real  motion  of  the  ^ 
Earth  round  its  axis  ;  until,  by  their 
continual  approach  to  the  brafs  meridian 
(over  which  the  Sun  hands  hill  all  the 
while)  they  at  lah  have  noon  day,  and 
the  Sun  appears  at  the  higheh ;  and  then 
by  degreeSj  as  they  move  Eaherly  the 
Sun  Icems  to  decline  Wchward,  until, 
as  the  places  fuccehively  arrive  in  the 
Eahern  part  of  the  horizon,  the  Sun  ap¬ 
pears  to  fet  in  the  Wehern  :  For  the 
places  that  are  in  the  horizon,  are  90 
!  degrees  dihant  from  the  Sun.  We  may 
obferve,  that  all  places  upon  the  Earth, 
that  diiter  in  latitude,  have  their  days  of 
different  length  (except  when  the  Sun 
is  in  the  equinoctial)  being  longer  or 
fhorter,  in  proportion  to  what  part  of 
the  parallels  hands  above  the  horizon. 
Thofe  that  are  in  the  fame  latitude,  have 
I  their  days  of  the  fame  length  ;  but  have 
i  them  commence  fooner  or  later,  accord- 
!  ing  as  the  places  differ  in  longitude. 

I 

'  Prob.  -XVI.  '  To  explain  in  general  the 
alteration  of  Seafons,  or  le?igth  of  the 
\  Days  and  Nights  jnade  in  all  places  of 

the  World,  by  the  Smis  {or  the  Earth's) 
annual  motion  in  the  Ecliptic. 


It 
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It  has  been  fliewed  in  the  lafl  pro^ 
blem,  how  to  place  the  globe  in  llich  a 
polition  as  to  exhibit  the  length  of  the 
diurnal  and  nofturnal  arches  in  all 
places  of  the  Earth,  at  a  particular 
time  :  If  the  globe  be  continually  refli- 
lied,  according  as  the  Sun  alters  his 
declination,  (which  may  be  known  by 
bi'inging  each  degree  of  the  ecliptic  fuc- 
ceffively  to  the  meridian)  you’ll  fee  the 
gradual  increafe  or  decreafe  made  in  the 
days,  in  all  places  of  the  World,  ac¬ 
cording  as  a  greater  or  leller  portion  of 
the  parallels  of  latitude  ftands  above 
the  horizon.  We  lliall  illuftrate  this 
problein  by  examples  taken  at  different 
times  of  the  year.  ■ 

I .  Let  the  Sun  be  in  the  firfl:  point  of 
go  (which  happens  on  the  ziftofJiYw) 
that  point  being  brought  to  the  meri¬ 
dian,  will  fliew  the  Sun’s  declination  to 
be  23  4  degrees  North  ;  then  the  globe 
muff  be  redified  to  the  latitude  of  23-*- 
degrees  5  and  for  the  better  illuflratioii 
of  the  problem,  let  the  firfl  meridian 
upon  the  globe  be  brought  under  the 
brafs  meridian.  The  globe  being  in 
this  pofition,  you  11  fee  at  one  view  the 
length  of  the  days  in  all  latitudes,  by 
counting  the  number  of  hours  contained 

between 
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between  the  two  extreme  meridians, 
cutting  any  particular  parallel  you  pitch 
upoHj'^in  the  Eaftern  and  Weikrn  part 
of  the  horizon.  And  you  may  oolerve 
that  the  lower  part  ot  the  ar^fic  cii’cle 
juft  touches  the  horizon,  and  confe- 
quently  all  the  people  who  live  in  that 
latitude  have  the  Sun  above  their  hoi i- 
zon  for  the  fpace  of  24  hours,  without 
fetting ;  only  when  he  is  in  the  lower 
part  of  the  meridian  (which  they  would 
call  1 2  at  night)  he  juft  touches  the 
horizon. 

To  all  thofe  who  live  between  tlie 
ardtic  circle  and  the  Pole,  the  Sun  does 
not  fet,  and  its  height  above  the  hori¬ 
zon,  when  he  is  in  the  lower  part  of  the 
meridian,  is  equal  to  their  diftance  from 
the  arftic  circle:  For  example,  Thofe 
who  live  in  the  80th  parallel  have  the 
Sun  when  he  is  loweft  at  this  time  i3x- 
degrees  high. 

If  we  caft  our  eye  Southward,  to¬ 
wards  the  equator,  we  fhall  find,  that 
the  diurnal  arches,  or  the  length  of 
days  in  the  feveral  latitudes,  giadually 
leften  :  The  diurnal  arch  of  the  parallel 
i  of  London  at  this  time  is  i6l-hoursj 

that  of  ihQ Equator  (is  always)  1 2  hours 

^nd 
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and  lb  continually  lefs,  "till  we  come  to 
the  j/li'uciydlic  Circle^  the  upper  part  of 
which  juft  touches  the  horizon;  and 
tliofe  wlio  live  in  this  latitude  have  juft 
one  light  of  the  Sun,  peeping  as  it  were 
in  the  horizon  :  And  all  that  fpace  be¬ 
tween  the  antarctic  circle  and  the  South 
Pole,  lies  in  total  darkneis. 

If  from  this  polition  we  gradually 
move  the  meridian  of  the  globe  accord¬ 
ing  to  the^  progrelTive  alterations  made 
in  the  Sun’s  declination,  by  his  motion 
m  the  ecliptic,  we  lliall  find  the  diurnal 
arches  of  all  thofe  parallels,  that  are  on 
the  Northern  fide  of  the  equator,  con¬ 
tinually  decreafe;  and  thofe  ^  on  the 
Southern  fide  continually  increafe,  in  the 
fame  manner  as  the  days  in  thofe  places 
fnbrten  and  lengthen.  Let  us  again  ob- 
fepe  the  globe  when  the  Sun  has  got 
within  I  o  degrees  of  the  equinodtial ; 
now  the  lower  part  of  the  Both  parallel 
6f  North  latitude  juft  touches  the  hori¬ 
zon,  and  all  the  fpace  betwixt  this  and 
the  Pole,  falls  in  the  illuminated  he- 
mifphere:  but  all  thofe  parallels  that 
he  betwixt  this  and  the  areftic  circle, 
which  before  were  wholly  above  the 
horizon,  do  now  interfedl  it,  and  the 
Sun  appears  to  them  to  rife  ‘and  fet. 

From 
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From  hence  to  jthc  equator,  we  fhall 
find  that  the  days  have  gradually  Ihort- 
ened;  and  from  the  equator  Southward, 
they  have  gradually  lengthened,  until  we 
come  to  the  80th  parallel  of  the  South 
latitude,  the  upper  part  of  which  juft 
touches  the  horizon,  and  all  places- be¬ 
twixt  this  and  the  South  Pole  are  in  total 
darknefs ;  but  thofe  parallels  betwixt 
this  and  the  antarclic  circle,  which  be¬ 
fore  were  wholly  below  the  horizon,  are 
now  partly  above  it  j  the  length  of  their 
days  being  exactly  equal  to  that  of  the 
nights  in  the  fame  latitude  in  the  con- 
traiy  hemifphere.  This  alfo  holds  uni- 
verfally,  that  the  length  of  one  day  in 
one  latitude  North,  is  exadfly  equal  to 
the  length  of  the  night  in  the  fame  la¬ 
titude  South  i  and  vice  verfa. 

Let  us  again  follow  the  motion  of 
the  Sun,  until  he  has  got  into  the  equi- 
noclial,  and  take  a  view  of  the  globe 
while  it  is  in  this  pofition.  Now  all 
the  parallels  of  latitude  are  cut  into  two 
equal  parts  by  the  horizon,  and  con- 
fcquently  the  days  and  nights  are  of 
equal  lengths,  viz.  12  hours  each,  in 
all  places  of  the  world ;  the  Sun  rifing 
and  fetting  at  fix  o’clock,  excepting  un¬ 
der  the  two  Po/esj  which  now  lie  exadlly 

in 
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in  the  horizon  :  Here  the  Sun  feems  to 
ftand  Iliil  in  the  fame  point  of  the  hea¬ 
vens  for  fome  time,  until  by  degrees, 
by  his  motion  in  the  ecliptic,  he  af- 
cends  higher  to  one,  and  difappears  to 
the  other,  there  being  properly  no  days 
and  nights  under  the  Poles ;  for  there 
the  motion  of  the  Earth  round  its  axis 
cannot  be  obferved. 

If  we  follow  the  motion  of  the  Sun 
towards  the  Southern  tropic,  we  fhall 
fee  the  diurnal  arches  of  the  Northern 
parallels  continually  decreafe,  and  the 
Southern  ones  increafe  in  the  fame  pro- 
'portion,  according  to  their  refpedtivc 
latitudes  ;  the  North  Pole  continually 
defcending,  and  the  South  Pole  afcend- 
ing,  above  the  horizon,  until  the  Sun 
arrives  into  at  which  time  all  the 
fpace  within  the  antarctic  circle  is  a- 
bove  the  horizon  j  while  the  fpace  be¬ 
tween  the  ardlic  circle  and  its  neigh¬ 
bouring  Pole,  is  in  total  darknefs.  And 
we  fhall  now  find  all  other  circum- 
flances  quite  reverfe  to  what  they  were 
when  the  Sun  was  in  2?;  the  nights 
ail  over  the  world  being  of  the  lame 
length  that  the  days  were  of  before. 
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.  We  have  now  got  to  the  extremity 
of  the  Sun’s  declination  ;  and  if  we  fol¬ 
low  him  through  the  other  half  of  the 
ecliptic,  and  rectify  the  globe  accord¬ 
ingly,  we  lliall  find  the  feafons  return 
in  their  order,  until  at  length  we  bring 
the  globe  into  its  firfl:  pofition. 

The  two  foregoing  problems  w^ere 
not,  as  I  know  of,  publiflied  in  any  book 
on  this  fubje6t  before  5  and  I  have  dwelt 
the  longer  upon  them,  becaufe  they  very 
well  illuftrate  how  the  vicifTitudes  of 
days  and  nights  are  made  all  over  the 
W'orld,  by  the  motion  of^  the  Earth 
round  her  axis ;  the'  horizon  of  the 
globe  being  made  the  circle,  feparating 
light  and  darknefs,  and  fo  the  Sun  to 
hand  hill  in  the  vertex.  And  if  we 
really  could  move  the  meridian,  accord¬ 
ing  to  the  change  of  the  Sun’s  decli¬ 
nation,  we  fhould  fee,  at  one  view,  the 
continual  change  made  in  the  length 
of  days  and  nights,  in  all  places  on  the 
Earth  ;  but  as  globes  are  fitted  up,  tins 
cannot  be  done ;  neither  are  they  adapt¬ 
ed  for  the  common  purpofes  in  places 
near  the  equator,  or  any  where  in  the 
Southern  hemifphere.  But  this  incon¬ 
venience  is  now"  remedied  (at  a  fmall 
additional  expence)  by  the  hour  circle 

being 


127 


128 


rioe  Ufe  of 

being  mad^  to  fhift  to  either  Pole ;  and 
Ibme  globes  are  now  made  with  an 
hour  circle  fixed  to  the  globe  at  each 
Pole  between  the  globe  and  meridian, 
fo  as  to  have  none  without  fide  to  in¬ 
terrupt  the  meridian  from  moving  quite 
round  the  wooden  horizon. 

Prob.  XVII.  'To  few  by  the  globe  ^  at 
one  view^  the  longefi  of  the  Days  and 
Nights  in  any  particular  places^  at  all 
times  of  the  Tear. 

Becaufe  the  Sun,  by  his  motion  in 
the  ecliptic,  alters  his  declination  a  fmall 
matter  every  day,  if  we  fuppofe  all  the 
torrid  zone  to  be  filled  up  wdth  a  fpiral 
line,  having  fo  many  turnings ;  orafcrew 
having  fo  many  threads,  as  the  Sun  is 
days  in  going  from  one  tropic  to  the  o- 
ther ; .  and  thefe  threads  at  the  fame  dif- 
tance  from  one  another  in  all  places,  as 
the  Sun  alters  his  declination  in  one  day 
in  all  thofe  places  refpe6fively ;  This  fpi¬ 
ral  line  or  fcrew  will  reprefent  the  ap¬ 
parent  paths  defcribed  by  the  Sun  round 
the  Earth  every  day  j  and  by  following  the 
thread  from  one  tropic  to  the  other,  and 
back  again,  we  fliall  have  the  path  the 
Sun  feems  to  defcribe  round  the  Earth  in 
a  year.  But  becaufe  the  inclinations  of 
I  thel'e 
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thefe  threads  to  one  another  are  but 
fmall,  we  may  fuppofe  each  diurnal  path 
to  be  one  of  the  parallels  of  latitude, 
drawn,  or  fuppoled  to  be  drawn,  upon 
the  globe.  Thus  much  being  premifed, 
we  lhall  explain  this  Problem^  by  placing 
the  globe  according  to  fome  of  the  molt 
remarkable  pofitions  of  it,  as  before  we 
did  for  the  mofi:  remarkable  feafons  of' 
the  year. 

In  the  preceding  problem,  the  globe 
being  rectified  according  to  the  Sun’s  de¬ 
clination,  the  upper  parts  of  the  paral¬ 
lels  of  latitude  reprelented  the  Diurnal 
Arches^  or  the  length  of  the  days  all  over 
the  world,  at  that  particular  time :  Here 
we  are  to  re(Tify  the  globe  according  to 
the  latitude  of  the  place,  and  then  the 
upper  parts  of  the  parallels  of  declina¬ 
tion  are  the  diurnal  arches ;  and  the 
length  of  the  days  at  all  times  of  the 
year,  may  be  here  determined,  by  find¬ 
ing  the  number  of  hours  contained  be¬ 
tween  the  two  extreme  meridians,  which 
cut  any  parallel  of  declination  in  the 
Eaftern  and  Weftern  points  of  the  ho¬ 
rizon  ;  after  the  fame  manner  as  before 
we  found  the  length  of  the  day  in  the 
feveral  latitudes  at  a  particular  time  of 
the  year. 
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I.  Let  the  place  propofed  be  under 
the  equino^lia],  and  let  the  globe  be  ac¬ 
cordingly  reclibed  in  oo  degrees  of  la¬ 
titude,  which  is  called  a  direct  pofition 
of  the  fphere.  Here  all  tlie  parallels  of 
latitude,  which  in  this  cafe  we  will  call  the 
parallels  of  decimation,  are  cut  by  the 
horizon  into  two  equal  parts  ;  and  con- 
fequently  thofe  v/ho  live  under  the  equi- 
nodfial,  have  the  days  and  nights  of  the 
fame  length  at  all  times  of  the  year ; 
and  alfo  in  this  part  of  the  Earth,  all 
the  Stars  and  fet,  and  their  continu¬ 
ance  above  the  horizon,  is  equal  to  their 
flay  below  it,  'viz,  12  hours. 

If  from  this  pofition  we  gradually 
move  the  globe  according  to  the  feveral 
alterations  of  latitudes,  which  we  will 
fuppofe  to  be  Northerly  ^  the  lengths  of 
the  Dhamal  Arches  will  continually  in- 
creafe,  until  we  come  to  a  parallel  of  de¬ 
clination,  as  far  diftant  from  the  equi- 
noftial,  as  tlie  place  itfelf  is  from  the  Pole. 
This  parallel  will  juft  touch  the  horizon, 
and  all  the  heavenly  bodies  that  are  be¬ 
twixt  it  and  the  Pole  never  defeend  be¬ 
low  the  horizon.  In  the  mean  time, 
while  w^e  are  moving  the  globe,  the 
lengths  of  thediurnal  arches  of  the  South- 
'  ern  parallels  of  declination,  continually 
z  •  diminifti. 
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diminifh,  in  the  fame  proportion  that 
the  Northern  ones  increafed  j  until  we 
come  to  that  parallel  of  declination 
which  is  fo  far  diftant  from  the  equi- 
nodial  Southerly,  as  the  place  itfelf  is 
from  the  North  Pole.  The  upper  part 
of  this  Parallel  juft  touches  the  horizon, 
and  all  the  Stars  that  are  betwixt  it  and 
the  South  Pole  never  appear  above  the 
horizon.  And  all  the  nodurnal  arches 
of  the  Southern  parallels  of  declination, 
are  exadly  of  the  fame  length  with  the 
diurnal  arches  of  the  correlpdhdent  pa¬ 
rallels  of  North  declination. 

2.  Let  us  take  a  view  of  the  globe 
when  it  is  rectified  for  the  latitude  of 
or  514- degrees  North.  When 
the  Sun  is  in  the  tropic  of  2s,  the  day 
is  about  1 61  hours ;  as  he  recedes  from 
this  tropic,  the  days  proportionably 
fhorten,  until  he  arrives  into  b-,  and 
then  the  days  are  at  the  Ihorteft,  being 
now  of  the  fame  length  with  the  night 
when  the  Sun  w^as  in  s=,  viz.  71  hours. 

The  lower  part  of  that  parallel  of  de¬ 
clination,  which  is  384  degrees  from 
the  equinodial  Northerly,  juft  touches 
the  horizon  5  and  the  Stars  that  are  be¬ 
twixt  this  parallel  and  the  North  Pole, 
•never  fet  to  us  at  London.  In  like  man- 
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ner  the  upper  part  of  the  Southern  pa- 
j'allel  of  38^-  degrees  juft  touches  the 
horizon,  and  the  Stars  that  lie  betwixt 
this  parallel  and  the  Southern  Pole,  are 
never  vifible  in  this  latitude. 

Again,  let  us  reclify  the  globe  for  the 
latitude  of  the  Ar5iic  Circle^  we  fliall 
then  find,  that  when  the  Sun  is  in  23,  he 
touches  the  horizon  on  that  day  with¬ 
out  felting,  being  24  hours  compleat 
above  the  horizon ;  and  when  he  is  in 
.Capricorn,  he  once  appears  in  the  hori¬ 
zon,  but  does  not  rife  in  the  fpace  of  24 
hours  :  When  he  is  in  any  other  point 
of  the  ecliptic,  the  days  are  longer  or 
•  ftiorter,  according  to  his  diftance  from 
the  tropics.  All  the  Stars  that  lie  be¬ 
tween  tlie  tropic  of  Cajicer,  and  the 
North  Pole,  never  fet  in  this  latitude ; 
and  thole  that  are  between  the  tropic 
of  Capricorn  and  the  South  Pole,  are 
always  hid  below  the  horizon. 

If  we  elevate  the  globe  ftill  higher, 
the  circle 'of  perpetual  Apparition  will 
be  nearer  the  equator  j  as  will  that  of 
perpetual  Occultaiion  on  the  other  frde. 
For  example:  I.et  us  reffify  the  globe 
.  for  the  latitude  of  80  degrees  North : 
When  the  Sun’s  declination  is  10  de¬ 
grees 
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grees  Noith  ;  he  begins  to  turn  above 
the  horizon  without  fetting;  and  all  the 
while  he  is  making  his  progrefs  from 
this  point  to  the  tropic  of  ^ ,  and  back 
again,  he  never  fets.  After  the  lame 
manner,  when  his  declination  is  1  o  de¬ 
grees  South,  he  is  juft  feen  at  noon  in 
the  horizon ;  and  all  the  while  he  is 
going  Southward,  and  back  again,  ho 
difappcars,  being  hid  juft  lb  long  as  be¬ 
fore,  at  the  oppofite  time  of  the  year  jie 
appeared  vifible. 

Let  us  now  bring  the  North  Pole  in- 
to  the  Zenith,  then  will  the  equlnoaial 
I  coincide  with  the  horizon  ;  and  confe- 
^  Guently  all  the  Northern  parallels  are 
above  the  horizon,  and  all  the  Southern 
ones  below  it.  Here  is  but  one  day  and 
I  one  night  throughout  the  year,  it  be- 
I  ing  day  all  the  while  the  Sun  is  to  ^  the 
^  Northward  of  the  equinoblial ,  and  night 
^  for  the  other  half  year.  All  the  Star.s 
i  that  have  North  declination,  always  ap¬ 
pear  above  the  horizon,  and  at  the  fame 
height;  and  all  thofe  that  aie  on  the 
other* fide,  are  never  feen. 

What  has  been  here  fiid  of  redlify- 
ing  the  globe  to  North  latitude,  holds 
for  the  ffime  latitude  South ;  only  tjiat 
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before  the  longeft  days  were,  when  the 
Sun  was  in  s3= ,  the  fame  happening  now 
when  the  Sun  is  in  ^ ;  and  fo  of  the  reft 
of  the  parallels,  the  feafons  being  di? 
rectly  oppofite  to  thofe  who  live  in  dif* 
ferent  hemifpheres. 

I  fhall  again  explain  fome  things  de¬ 
livered  above  in  general  terms,  by  par¬ 
ticular  problems. 

But  from  what  has  been  already  faid, 
we  may  firft  make  the  following  obfer- 
vations : 

1 .  All  places  of  the  Rarth  do  equally  cji-, 

joy  the  benefit  of  the  Sun^  in  refpeB  of  timCy 
and  are  equally  deprived  of  ity  the  Days  at  ; 
one  time  of  the  Tear^  being  exaSily  equal  to^  { 

the  Plights  at  the  oppofite  feafon,  1 

} 

2.  In  all  places  of  the  Earthy  fave  ex^  J 
adlly  under  the  PoleSy  the  Days  and  Nights  \ 
are  of  equal  length  (viz.  1 2  hours  each)  ‘ ! 
when  the  Sun  is  in  the  equinoBiaL 

3 .  Thofe  who  live  under  the  equinoBialy 
have  the  days  and  nights  of  equal  lengths  at 
all  times  of  the  year, 

4.  In  all  places  between  the  equinoBial 

and 
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and  the  Poles,  the  days  and  nights  are  ne- 
xer  equal,  but  -when  the  Sun  is  in  the  eaup- 
noaial  points  ^  and  ^ . 

r.  The  nearer  any  place  is  to  the 
the  lefs  is  the  difference  between  the  length  of 
the  artificial  days  and  nights  in  the  Jatd 
place ;  and  the  mere  remote  the  greater. 

6  To  all  the  inhabitants  lying  under  the 
fame  parallel  of  latitude,  the  days  and 
nights  are  of  equal  lengths,  and  that  at 
all  times  oj  the  year, 

7.  'The  Sun  is  vertical  twe  a  year  to 
all  places  between  the  tropics  j  to  tpoje  un-  , 
deShe  tropics,  once  aycar ;  but  never  any 

u'hcre  elfe, 

8  In  all  places  betvseen  the  Polar  Cir¬ 
cles,  and  the  Poles,  the  Sun  appears  Jme 
number  of  days  without  Jetting am  cv 
the  oppojite  time  op  the  year  he  is  joi  </. 
fame  length  of  time  viithout  rtjing ;  and 
the  nearer  unto,  or  further  remote  front 
the  Pole,  thofe  places  are,  the  longer  or 
fiorter  is  the  Sun's  continued  prejence  or 
abj'ence  from  the  Pole, 

o.  In  all  places  lying  exaBly  under 
the  Polar  Circks,  the  Sun,  when  he  is  » 
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the  neareji  tropic,  appears  24  hours  witb- 

out  jetting ;  and  when  he  is  in  the  contrary 

tropic,  he  IS  for  the  fame  length  of  time 

withou  rtfng  ■,  but  at  all  other  times  of  the 

year,  he  rijes  and  fets  there,  as  in  other 
places. 

\ 

10.  In  allplaces  lying  in  thc\ ^orthern\ 
j  ./>,  ,  I,  So  lit  hern  \ 

hemfphere,  the  longejl  day  and  fleort- 

f  nigiot,  IS  when  the  Sun  is  in  the 
K  JNorthern  7 

^  Southern  3  \  on  the  contrary. 

Pros.  XVIII.  ^he  Latitude  of  any  place 

^  ^^Srees,  and  the  day 

of  the  Month  being  given  ■,  to  find  the 
time  oj  Sun-rifaig  andfetting,  and  the 
length  oJ  the  Day  and  Night. 

Having  reained  the  globe  according 
to  the  latitude,  bring  the  Sun’s  place  to 
the  meridian  and  put  the  hour  index  to 

J  2  otnoon;  then  bring  the  Sun’s  place  to 

the  Eaftein  partof  the  horizon,  and  the 
index  will  Ihew  the  time  when  the  Sun 
nfes.  Again,  turn  the  globe  until  the 
oun  s  place  be  brought  to  the  Weftern 
fide  of  the  horizon,  and  the  index  will 
fliew  the  time  of  Sun-fetting. 
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The  .hour  of  Sun-fetting  doubled, 
gives  the  length  of  the  day ;  and  the 
hour  of  Sun-rifing  doubled,  gives  the 
length  of  the  night. 


Let  it  be  required  to  find  when  the  Sun 
rifes  and  fets  at  Lojidon  on  the  20th  of 
April.  Re6lify  the  globe  for  the  latitude 
of  London.,  and  having  found  the  Sun’s 
place  correfponding  to  May  the  iff,  viz. 
10^  degrees  of  «  ,  bring  loi  degrees  of  « 
to  the  meridian,  and  let  the  index  to  1  2 
at  noon ;  then  turn  the  globe  about  ’till 
I degrees  of  «  be  brought  to  theEaff- 
ern  part  of  the  horizon,  and  you’ll  find 
the  index  point  to  4  4  hours,  this  being 
doubled,  gives  the  length  of  the  night  94 
hours .  Again,  bring  the  S  un’s  place  to  the 
Wefbern  part  of  the  horizon,  and  the  in¬ 
dex  will  point  to  74  hours,  which  is  the 
time  of  Sun-fetting;  this  being  doubled, 
gives  the  length  of  the  day  144  hours. 


Pbob.  XIX.  To  find  ihe  length  of  the 
longejl  and  fhorteji  Day  aiid  Night  in 
any  given  place.,  not  exceeding  661  de- 
grees  ofi  Latitude. 


Note,  The  longeff  day  at  all  places  on 
the  fide  of  the  equator,  is  when 

the 
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the  Sun  is  in  the  firft  point  of  ^  ^Capricorn. 

Wherefore  having  redified  the  globe  for 
the  latitude,  find  the  time  of  Sun-rifing 
and  fetting,  and  thence  the  length  of 
the  day  and  night,  as  in  the  laft  pro¬ 
blem,  according  to  the  place  of  the  Sun: 
Or,  having  redified  the  globe  for  the 
'  latitude,  bring  the  folflitial  point  of  that 
hemifphere,  to  the  Eaft  part  of  the  ho¬ 
rizon,  and  fet  the  index  to  1 2  at  noon  ; 
then  turning  the  globe  about  ’till  the 
faid  folflitial  point  touches  the  Weflern 
fide  of  the  horizon,  the  number  of 
hours  from  noon  to  the  place  where 
the  index  points  (being  counted  accord¬ 
ing  to  the  motion  of  the  index)  is  the 
length  of  the  longed  day ;  the  com¬ 
plement  whereof  to  24  hours,  is  the 
length  of  the  fhortefl  night,  and  tlie 
reverfe  gives  the  fhortefl  day  and  the 
longefl  night. 

hongejl  Day.  Shor.  N, 

Deg,  Hours,  Hours, 

(■45  .  .  I5T  81: 

Thus  in  Lat.^  51 4-  .  i6|-  , 

(.60  .  ,  184-  5|- 

If  from  the  length  of  ,the  longefl  day, 
you  fubtrad  1 2  hours,  the  number  of 

half 
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half  hours  remaining,  will  be  the  Cli- 
mate :  Thus  that  place  where  the  long- 
eft  day  is  i6i  hours,  lies  in  the  9th 
Qlimate.  And  by  the'reverfe,  having 
the  Climate^  you  have  thereby  the  length 
of  the  longeft  day. 

Prob.  XX.  1^0 find  in  what  Latitude  the 
longeft  Day  is,  of  a?iy  given  length, 
lefts  than  24  hou7's, 

'  Bring  the  folftitial  point  to  the  me¬ 
ridian,  and  Yet  the  index  to  12  at  noon; 
then  turn  the  globe  Weftward,  ’till  the 
index  poiifts  at  half  the  number  of 
hours  given;  which  being  done,  keep 
the  globe  from  turning  round  its  axis, 
and  Aide  the  meridian  up  or  down  in 
the  notches,  ’till  the  folftitial  point  comes 
to  the  horizon,  then  that  elevation  of 
the  Pole  will  be  the  latitude. 

If  the  hours  given  be  16,  the  lati¬ 
tude  is  49  degrees  ;  if  20  hours,  the  la*? 
titude  is  63  T  degrees. 


pROB. 
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Prob.  XXL  A  place  being  given  in  one  " 
of  the  Frigid  Zones  (fuppofe  the  North¬ 
ern)  to  f?id  njohat  number  of  Days 
[of  24  hours  each)  the  Sun  doth  con- 
fa?itly  frdne  upon  the  fame^  how  long  he 
is  abfent,  and  alfo  the firfi  and  lafl  Day 
of  hit  appearance. 

Having  redlified  the  globe  according 
to  the  latitude,  turn  it  about  until  forne 
point  in  the  hrfl:  quadrant  of  the  eclip¬ 
tic  (becaufe  the  latitude  is  North)  in- 
terfeefts  the  meridian  in  the  North  point 
of  the  horizon  5  and  right  againft  that 
point  of  the  ecliptic  on  the  horizon, 
{lands  the  day  of  the  month  when  the 
longefi;  day  begins. 

And  if  the  globe  be  turned  about  ’till 
fonie  point  in  the  fecond  quadrant  of 
tlie  ecliptic  cuts  the  meridian  in  the 
lame  point  of  the  horizon,  it  will  fliew 
the  Sun’s  place  when  the  longefi  day 
ends,  whence  the  day  of  the  month  may 
be  found,  as  before  :  Then  the  number 
of  natural  days  contained  between  the 
times  the  longeft  day  begins  and  ends, 
is  the  length  of  the  longefi  day  re¬ 
quired. 

Again 
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Again,  turn  the  globe  about,  until 
feme  point  in  the  third  quadrant  of  the 
ecliptic  cuts  the  meridian  in  the  South 
part  of  the  horizon  ;  that  point  of  the 
ecliptic  will  give  the  time  when  the 
longed  night  begins.  Laftly,  turn  the 
globe  about,  until  fome  point  in  the 
fourth  quadrant  of  the  ecliptic  cuts  the 
meridian  in'  the  South  point  of  the  ho¬ 
rizon  ;  and  that  point  of  the  ecliptic 
will  be  the  place  of  the  Sun  when  the 
longed  night  ends. 

Or,  the  time  when  the  longed  day 
or  night  begins,  being  knowji,  their 
end  may  be  found  by  counting  the 
number  of  days  from  that  time  to  the 
fucceeding  foldice ;  then  counting  the 
fame  number  of  days  from  the  fol- 
ditial  day,  will  give  the  time  when  it 
ends. 

Prob.  XXII. fjtd  in  what^  Latitude 
the  longeji  Day  is,  of  a?ty  given  length 
lefs  than  182  Natural  Days. 

Find  a  point  in  the  ecliptic  half  fo 
many  degrees  didant  from  the  folditial 
point,  as  there  are  days  given,  and  bring 
that  point  to  the  mcj’idian  j  then  keep 
the  globe  from  turning  round  its  axis, 
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and  move  the  meridian  up  or  down  un¬ 
til  the  aforefaid  point  of  the  ecliptic 
comes  to  the  horizon  ;  that  elevation  of 
the  Pole  will  be  the  latitude  required. 

If  the  days  given  were  78,  the  lati¬ 
tude  is  71 4  degrees. 

This  method  is  not  accurate,  becaufe 
the  degrees  in  the  ecliptic  do  not  corre- 
fpond  to  natural  days  ;  and  alfo  becaufe 
the  Sun  does  not  always  move  in  the 
ecliptic  at  the  fame  rate  \  however,  fuch 
problems. as  thefe  may  fei*ve  for  amufe- 
ment. 

Pros.  XXIII.  ^he  day  of  the  Month  be- 
•  given ^  to  find  vehen  the  Morning 
and  Ejvenmg  Twilight  begins  and  ends, 
in  any  place  upon  the  Globe, 

In  the  foregoing  problem,  by  the 
length  of  the  day,  we  mean  the  time 
from  Sun-rifmg  to  Sun-fet ;  and  the 
night  we  reckoned  from  Sun-fet,  ’till  he 
rofe  next  morning.  But  it  is  found  by 
experience,  that  Tdotal  Darknefs  does 
not  commence  in  the  evening,  ’till  the 
Sun  has  got  1 8  degrees  below  the  ho¬ 
rizon  ;  and  when  he  comes  within  the 
fame  diftance  of  the  horizon  next  morn¬ 
ing, 
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ing,  we  have  the  hrft  Dawn  of  Day. 
This  faint  light  which  we  have  in  the 
morning  and  evening,  before  and  after 
the  Sun’s  rifing  and  letting,  is  what  we 
call  the  ‘T’wilight, 

^  Having  reaihed  the  globe^  for  the  * 
latitude,  the  zenith,  and  the  Sun  s  place, 
turn  the  globe  and  the  quadrant  of  al¬ 
titude  until  the  Sun’s  place  cuts  1 8  de¬ 
grees  below  the  horizon  (if  the  qua¬ 
drant  reaches  fo  far)  then  the  index 
upon  tlie  hour  circle  will  ihew  the  be¬ 
ginning  or  ending  of  twilight  after  the 
lame  manner  as  before  we  found  the 
time  of  the  Sun-rifing  and  fetting,  in 
Prob.  i8.  But  by  reafon  of  the  thick- 
nefs  of  the  wooden  horizon,  we  can’t 
conveniently  fee,  or  compute  when  the 
Sun’s  place  is  brought  to  the  point  afore- 
faid.  Wherefore  the  globe  being  re6li- 
fied  as  above  direded,  turn  the  globe, 
and  alfo  the  quadrant  of  altitude.  Weft- 
ward,  until  that  point  in  the  ecliptic, 
which  is  oppolite  to  the  Sun’s  place, 
cuts  the  quadrant  in  the  i8th  degree 
above  the'  horizon  >  then  the  hour  in¬ 
dex  will  fhew  the  time  when  day 
breaks  in  the  morning.”  And  if  you 
turn  the  globe  and  the  quadrant  of  al¬ 
titude,  until  the  point  oppofite  to  the 

Sun’s 
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Sun’s  place  cuts  the  quadrant  in  the  ' 
Eaflern  hemifphere,  the  hour  hand 
will  flievv  when  twilight  ends  in  the 
evening.  Or,  having  found  the  time 
from  midnight  when  the  morning  twi¬ 
light  begins,  if  you  reckon  fo  many 
hours  before  midnight,  it  wall  give  the 
time  when  the  evening  twilight  ends. 
Having  found  the  time  when  twilight 
begins  in  the  morning,  hnd  the  time  of 
Sun-rihng,  h)'  P rob.  18,  and  the  differ¬ 
ence  will  be  the  duration  of  tvyilight. 

Thus  at  Lo?2do?2^  on  the  J  2th  of  Ma\\ 
twilight  begins  at  three  quarters  pafl  ; 
one  o’clock :  The  Sun  rifes  at  about  ■ } 
kialf  an  hour  pafl  four;  Whence  the  | 
duration  of  twilight  now  is  2-f  hours,  ’ 
both  in  the  mbi’iiing  and  evening.  On 
the  1 2th  of  November^  the  twilight  be¬ 
gins  about  half  an  hour  before  fix, 
being  about  two  hours  before  Sun- 
rifing. 

% 

Prob.  XXIV .  Po  fnd  the  time  ^johen  to¬ 
tal  Darkrt^fs  ceefes.^  or  ^'hen  the  T ivi- 
light  continues  from  Sun-fetting  to  Sun-  f 
fetting^  in  any  gpeen  place.  \ 

Let  tlie  place  be  in  the  Northern  he¬ 
mifphere;  then  if  the  complement  of 

the 
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the  latitude  be  greater  than  (the  de- 
preflion  (18  degrees,  fubtradl  18  de- 
o:rees  from  it,  and  the  remainder  will 
be'the  Sun’s  declination  North,  when 
total  darknefs  ceafesi  But  if  the  com¬ 
plement  of  the  latitude  is  lefs  than  1 8 
degrees,  their  difference  will  be  the 
Sun’s  declination  South,  when  the  twi¬ 
light  begins  to  continue  all  night.  If 
the  latitude  is  South,  the  only  difference 
will  be,  that  the  Sun’s  declination  will 
be  on  the  contrary  fide. 

Thus  at  Londojt,  when  the  Sun’s  de¬ 
clination  North  is  greater  than  20 1  de¬ 
grees,  there  is  no  total  darknefs,  but 
conffant  twilight,  wdiich  happens  from 
the  26th  of  May  to  the  21ft  of  jidy,  be¬ 
ing  near  two  months.  Under  the  N orth 
Pole  the  twilight  ceafes,  when  the  Sun’s 
declination  is  greater  than  18  degrees 
South,  which  is  from  the  13th  of  No- 
'uember,  ’till  the  29th  of  January :  So 
.that  notwithftanding  the  Sun  is  abfent 
in  this  part  of  the  world  for  half  a  year  ’ 
together,  yet  total  darknefs  does  not 
continue  above  1 1  Vvceks ;  and  befides, 
the  Moon  is  above  the  horizon  for  a 
.  whole  fortnight  of  every  month  through¬ 
out  the  Year,  ' 

T. 
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Frob.XXV.  T'be  day  of  the  Month  hc^ 
ing  given  5  to  find  thofe  places  of  the 
Frigid  Zojies,  i.vhere  the  Sim  begins  to 
fbine  continually  voithout  fetting  ;  and 
alfo  thofe  places  where  he  begins  to  be 
totally  abfent. 

Bring  the  Sun's  place  to  the  meridian, 
and  mark  the  number  of  des'rees  con- 
tained  betwixt  that  point  and  the  equa- 
-  tor ;  then  count  the  fame  number  of 
degrees  from  the  neareft  Pole  (viz.  the 
North  Pole,  if  the  Sun’s  declination  is 
Northerly,  otherwife  the  South  Pole)  to¬ 
wards  the  equator,  and  note  that  point 
upon  the  meridian ;  then  turn  the  globe 
about,  and  all  the  places  which  pafs  un¬ 
der  the  laid  point,  are  thofe  where  the 
Sun  begins  to  diine  conftantly,  without 
fetting  on  the  given  day.  If  you  lay 
the  fame  diftance  from  the  oppofite  Pole 
towards  the  equator,  and  turn  the  globe 
about,  ail  the  places  which  pafs  under 
that  point  will  be  thofe  where  the  it  be¬ 
gins  then  to  be  conflant  night. 

The  Latitude  of  the  place  being  given ^  to 
find  the  hour  of  the  day  when  he  Sun 
/lines. 
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If  it  be  in  the  fimmer,  elevate  the  Pole 
according  to  the  latitude,  let  the  meri¬ 
dian  due  North  and  South,  and  the 
frame  of  the  globe  truly  horizontal  j 
then  the  fliadow  of  the  axis  will  cut  the 
hour  on  the  Dkl-plate  :  For  the  globe 
being  rectified  in  this  manner,  the  hour 
circle  is  a  true  Equinociial  Dial  j  the 
axis  of  the  globe  being  the  Gnomon. 
This  holds  true  m  theory,  but  it  might 
not  be  very  accurate  in  pradlice,  becaufe 
of  the  difficulty  in  placing  the  horizon 
of  the  globe  truly-  horizontal,  and  its 
meridian  due  North  and  South. 

If  it  be  in  the  winter  half  year,  ele¬ 
vate  the  South  Pole  according  to  the 
latitude  North,  and  let  the  North  part 
of  the  horizon  be  in  the  South  part  of 
the  meridian  ;  then  the  lhade  of  the  axis 
will  Ihow  the  hour  of  the  day  as  be¬ 
fore  :  But  this  cannot  be  fo  conveni¬ 
ently  performed,  tho’  the  reafon  is  the 
fame  as  in  the  former  cafe. 

Tb  find  the  Suns  altitude,  ivhen  it  Jhines, 
by  the  Globe. 

Having  fet  the  frame  of  the  globe 
truly  horizontal  or  level,  turn  the  North 
Pole  towards  the  Sun,  and  move  the 
meridian  up  or  down  in  the  notches, 

L  2  until 
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until  the  axis  cafls  no  fliadow ;  then  the 
arch  of  the  meridian,  contained  betwixt 
the  Pole  and  the  horizon,  is  the  Sun’s 
altitude; 

Nofe^  The  befl  way  to  find  the  Sun’s 
altitude,  is  by  a  little  quadrant  gra¬ 
duated  into  degrees,- and  having  fights 
and  a  plummet  to  it :  Thus,  hold  the 
quadrant  in  your  hand,  fo  as  the  rays 
of  the  Sun  may  pafs  through  both  the 
fights,  the  plummet  then  hanging  freely 
by  the  fide  of  the  iiiftrument,  will  cut 
in  the  limb  the  altitude  required.  Thefe 
quadrants  are  to  be  had  at  the  inilru- 
ment-makers,  with  lines  drawn  upon 
tliem,  for  finding  the  hour  of  the  day, 
and  the  azimuth ;  with  feveral  other 
pretty  conclufions,  very  entertaining  for 
beginners. 

fThe  Latitude  and  the  Day  of  the  Mo7ith 
being  given\  to  find  the  hour  of  the  day 
whe?!  the  Sun  Jhines. 

m.  ■  '  *  >  *  •  . 

Having  placed  the  wooden  frame'up- 
on  a  level,  and  tlie  meridian  due  North 
and  South,  rectify  the  globe  for  the  la¬ 
titude,  and  fix  a  needle  perpendiculaiiv 
over  the  Sun’s  place  :  The  Sun’s  place 
being  brought  to  the  meridian,  fet  tlie 
3  ’■  hour 
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hour  index  at  12  at  noon,  then  turn 
the  globe  about  until  the  needle  points 
exaftly  to  the  Sun,  'and  calls  no  fliadow, 
and  then  the  index  will  fhew  the  hour 
of  the  day, 

Prob.  XXVI.  ^he  Latitude,  the  Sims^ 
.  Place,  and  his  Altitude,  being  given  ; 
to  jiJid  the  hour  of  the  Day,  and  the 
Suns  Azimuth  from  the  Meridian. 

Having  reaified  the  globe  for  the 
latitude,  the  zenith,  and  the  Sun's  place, 
turn  the  globe  and  the  quadrant  of 
altitude,  fo  that  tl  le  Sun’s  place  may 
cut  the  given  .degree  of  altitude  :  then 
the  index  will  Ihow  the  hour,  and  the 
quadrant  will  cut  the  azimuth  in  the 
horizon.  Thus,  if  at  London,  on  the 
2  ill  of  Auguft,  the  Sun’s  altitude,  be 
'^6  degrees  in  the  forenoon,  the  hour 
of  the  day  will  be  IX,  and  the  Sun  g 
azimuth  about  58  degrees  from  the 
South  part  of  the  meridian. 

fhe  Suns  Azimuth  being  given,  to  place 
the  Meridian  of  the  Globe  due  NorPo 
and  South,  or  to  fnd  a  Meridian  Line 
%vhen  the  Sun  fhines. 
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Let  the  Sun’s  azimuth  be  30  degi'ees 
South-Eaflerly,  fet  the  horizon  of  the 
globe  upon  a  level,  and  bring  the  North 
Pole  into  tlie  zenith ;  then  turn  the  ho¬ 
rizon  about  until  the  fhade  of  the  axis 
cuts  as  many  hours  as  is  equivalent  to 
the  azimuth  (allowing  15  degrees  to  an 
hour)  in  the  North- Weft  part  of  the 
hour  circle,  X  at  night,  which  be¬ 
ing  done,  the  meridian  of  the  globe 
ftands  in  the  true  meridian  of  tlie 
place.  The  globe  ftanding  in  this  po¬ 
rtion,  if  you  hang  two  plummets  at 
the  North  and  South  points  of  tl^e 
wooden  horizon,  and  draw  a  line  bc- 
tvrixt  them,  you  will  have  a  meridian 
line ;  which  if  it  be  on  a  fixed  plane  (as 
a  floor  or  window)  it  will  be  a  guide 
for  placing  the  globe  due  North  and 
South,  at  any  other  time. 

Pkob.  XXVII.  T^he  Latitude^  Hour  of 
the  Dayj  and  the  Suns  place  being 
ghen,  to  fnd  the  Suns  Altitude  and 
Azimuth. 

Rectify  the  globe  for  the  latitude,  he 
zenith,  and  the  Sun’s  place,  then  \aq 
number  of  degrees  contained  betv'ixt 
the  Sun’s  place  and  the  vertex,  ib  iTe 
Sun’s  meridional  zenith  diftance;  the 

com- 
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complenient  of  which  to  90  degiees,  is 
the  Sun’s  meridian  altitude.  you 
turn  the  globe  about  until  the  index 
points  to  any  other  given  hour,  then 
bringing  the  quadrant  of  altitude  to  cut 
the  Sun’s  place,  you  will  have  the  Sun  s 
altitude  at  that  hour ;  and  where  the 
quadrant  cuts  the  horizon,  is  the  Sun’s 
azimuth  at  the  fame  time.  ^  Thus, 
May  the  ift  at  Lo?idofi,  the  Sun’s  meri¬ 
dian  altitude  will  be  534  degrees  j  and 
at  10  o’clock  in  the  morning,  the  Sun’s 
altitude  will  be  46  degrees,  and  his  azi¬ 
muth  about  46  degrees  from  the  South 
part  of  the  meridian. 

Prob.  XXVIII.  The  Latitude  of  the 
place ^  and  the  day  of  the  Mo?ith  being 
\iven  ;  to  find  the  deprefion  of  the  Sun 
'^below  the  Horizon^  and  the  Azimuth  at 
any  Hour  of  the  Night , 

Having  rectified  the  globe  for  tne  la¬ 
titude,  the  zenith,  and  the  Sun  s  place, 
take  a  point  in  the  ecliptic  exaaiy  op- 
r;ofite  to  the  Sun’s  place,  and  find  the 
Sun’s  altitude  and  azimuth,  as  by  the 
iaft  problem,  and  thefe  will  be  the  de- 
prefiion  and  the  altitude  requiied.  Thus, 
the  time  given  be  the  i  It  of  November^ 

av  I  o  o’clock  at  night,  the  depreffion  and 
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azimuth  will  be  the  fame  as  was  fouiic} 
in  the  lail  problem. 

Prob.XXIX.  file  Lalifude,  the  Sun's 

PlacCy  and  Its  Azijnuth  being  given^  to 

find  his  Altitude^  and  the  Hour. 

« ' 

Rectify  the  globe  for  the  latitude,  the 
zenith,  and  the  Sun’s  place,  then  put  the 
quadrant  of  altitude  to  the  Sun’s  azi¬ 
muth  in  the  horizon,  and  turn  the  globe 
"till  the  Sun’s  place  meet  the  edge  of  the 
quadrant,  then  the  faid  edge  will  fhew 
the  altitude,  and  the  index  point  to  the 
hour.  Thus,  May  the  21ft  at  London^ 
when  the  Sun  is  due  Eafl,  his  altitude 
will  be  about  24  degrees,  and  the  hour 
about  VII  in  the  morning;  and  when  his 
azimuth  is  60  degrees  South-Wefterly, 
the  altitude  will  be  about  44  4  degrees, 
and  the  hour  about  24  in  the  afternoon. 

Thus,  the  latitude  and  the  day  being 
known,  and  having  befides  either  the  al¬ 
titude,  the  azimuth,  or  the  hour ;  the 
other  two  may  be  eafily  found. 

I 

Prob.  XXX.  I^he  Latitude,  the  Suns 
Altitude,  and  his  Azimuth  being gPoen 
to  find  his  Place  in  the  Ecliptic  and  the 
Hour^ 
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Reftify  the  globe  for  the  latitude  and 
zenith,  and  fet  the  edge  of  the  quadrant 
to  the  given  azimuth  5^  then  turning  the 
globe  about,  that  point  of  the  ecliptic 
which  cuts  the  altitude,  will  be  the 
Sun’s  place.  Keep  the  quadrant  of  the 
altitude  in  the  fame  pofition,  and  hav¬ 
ing  brought  the  Sun’s  place  to  the  me¬ 
ridian,  and  the  hour  index  to  12  at 
noon,  turn  the  globe  about  ’till  the 
Sun’s  place  cuts  the  quadrant  of  alti¬ 
tude,  and  then  the  index  will  point  the 
hour  of  the  day. 

Prob  .  XXXI.  Declination  ajtd  Me¬ 
ridian  Altitude  of  the  Sun,  or  of^  any 
Star  being  given  3  to  Jind  the  Latitude 
of  the  Place, 

Mark  the  point  of  declination  upon 
the  meridian,  according  as  it  is  either 
bJorth  or  South  from  the  equator  ;  then 
Hide  the  meridian  up  or  dovyn  in  the 
notches,  ’till  the  point  of  declination  be 
fo*  far  diftant  from  the  horizon,  as  is  the 
.given  meridian  altitude  ;  that  elevation 
of  the  Pole  will  be  the  latitude. 

Thus,  if  the  Sun’s,  or  any  Star’s  rne- 

rldian  altitude  be  50  degrees,  and  its 

de- 
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declination  1 1 4-  degrees  North,  the  lati¬ 
tude  will  be  514:  degrees  North. 

Prob.  XXXII.  rioe  Day  aj2d  Hour  of  a 
Lunar  Eclipfe  being  kno%vn  ;  to  find  all 
thofe  Places  upon  the  Globe  where  the 
fame  will  be  vifible. 

^  Find  where  the  Sun  is  vertical  at 
the  given  hour,  and  bring  that  point  to 
the  zenith ;  then  the  Eclipfe  will  be  vi¬ 
fible  in  all  thofe  places  that  are  under 
the  horizon  :  Or,  if  you  bring  the  An¬ 
tipodes  to  the  place  wdiere  the  Sun  is 
vertical,  into  the  zenith,  you  will  have 
the  places  where  the  Eclipfe  will  be  vi¬ 
fible  above  the  horizon. 

Note,  Becaufe  Lunar  eclipfes  continue 
fometimes  for  a  long  while  together, 
they  may  be  feen  in  more  places  than 
one  hemifphere  of  the  Earth  ;  for  by 
the  Earth’s  motion  round  its  axis,  du¬ 
ring  the  time  of  the  eclipfe,  the  IVIoon 
will  rife  in  feveral  places  after  the 
eclipfe  began. 

Note^  When  an  eclipfe  of  the  Sun  is 
central,  if  you  bring  the  place  where  thq 
Sun  is  vertical  at  that  time,  into  the 
zenith,  fome  part  of  the  eclipfe  will  be 
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vifible  in  mod  places  within  the  upper 
hemifphere ;  but  by  reafon  of  the  Ihort 
duration  of  Solar  eclipfes,  and  the  la¬ 
titude  which  the  Moon  commonly  haS 
at  that  time  (though  but  fmall)  there  is 
no  certainty  in  determining  the  places 
where  thofe  eclipfes  will  be  vifible  by 
the  globe ;  but  recourfe  muff  be  had  to 
calculations. 

Pros.  XXXIII.  i:^he  Day  of  the  Month, 
and  Hour  of  the  Day^  according  to  our 
%i)ay  of  reckoning  in  Englandj  being  gi-’ 
men',  to  find  thereby  the  Babylonic,  Ita¬ 
lic,  and  Jewifli,  or  ^judicial  Hour . 

1 .  To  find  the  Babylonic  Hour  (which 
IS  the  number  of  hours  from  Sun-ri- 
fing.)  Having  found  the  time  of  Sun- 
fifing  in  the  given  place,  the  difference 
betwixt  this  and  the  hour  given,  is  the 
Babylonic  Hour. 

2.  To  find  the  Italic  Hour  (which  is 
the  number  of  hours  from  Sun-fetting. 
Subtra6t  the  hour  of  Sun-fetting  from 
the  given  hour,  and  the  remaindei  will 
be  the  Italic  Hour  required. 

3.  To  find  the  Je^if  Hour  (which  is 

i^art  of  an  Artificial  Day.)  V  ind  how 

many 
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many  hours  the  day  conhils  of  j  then  fay, 
as  the  number  of  jiours  the  day  confilrs 
of  is  to  1 2  hours,  fo  is  the  hour  fmceSuii- 
rifing  to  the  Judaical  hour  required. 

Thus,  if  the  Sun  rifes  at  4  o’clock 
(cbnfequently  fets  at  8)  and  the  hour 
given  be  5  in  the  evening,  the  Babylo-. 
nijh  hour  wall  be  the  13th,  the  Italic 
the  2 1  ft,  and  the  Jewifo  hour  will  be 
niue  and  three  quarters. 

Theconverfe  being  given,  the  hour  of 
the  day,  according  to  our  way  of  reckon¬ 
ing  in  England^  may  be  eafily  found, 

* 

The  following  Problems  are  peculiar 
to  the  Celejiial  Globe, 

Pr  o  B .  XXXIV.  Ido  find  the  Right  ylfce7i~ 

fian  and  Decimation  cfi  the  Sun,  or  any 

Fixed  Star. 

Bring  the  Sun's  place  in  the  ecliptic 
to  the  meridian ;  then  that  degree  of 
the  equator,  which  is  cut  by  the  meri¬ 
dian,  will  be  the  Swis  Right  Afcenfion ; 
and  that  degree  of  the  meridian,  which 
is  exailly  over  the  Sun’s  place,  is  the 
Suns  Declination.  % 
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After  the  fame  manner  bring  the 
place  of  any  Fixed  Star  to  the  meridian, 
and  you  will  find  its  Pvight  Afcenfion  in 
the  equinoaial,  and  Declination  of  the 
meridian. 

Thus  the  fight  afcenfion  and  decli¬ 
nation  is  found,  after  the  fame  manner 
-  as  the  longitude  and  latitude  of  a  place 
upon  the  T^erreflricil  Globe, 

Note,  The  right  afcenfion  and  decli* 
nation  of  the  Sun  vary  every  day  *,  but; 
the  right  afcenfion,  &c.  of  the  Fixed  Stars 
is  the  fame  throughout  the  year 

The  Sun’s  Right  Afcenfion.  Declin. 

Deg,  Deg, 

f ‘January  31  314  ^7^ 

1  April  5  -  14-!-  b  N. 

.  Thus  on  \  21  -  i20y  20tN. 

{.November  26  2424  21  S. 

R.Afc.  DecL 
Deg  Deg, 

Aide  bar  aft  —  654  ib  N. 

Spica  Virginis  —  ^9^^ 

Cap  el  la  ■ —  — 

Syr  ins,  or  the  Dog-Star  98.^-  10,^  b. 

■*  The  infenfible  change  in  the  Longitude,  RighC 
Afcenfion,  and  Declination  of  the  Fixed  Stars,  made 
‘  bv  their  flow  motion,  parallel  to  the  ecliptic  (being  but 
X  degree  in  72  years)  is  not  worth  notice  in  this  place. 

Note, 
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Note,  The  declination  of  the  Sun 
may  be  found  after  the  fame  manner  by 
the  l^errejlrial  Globe ^  and  alfo  his  right 
afcenfion,  when  the  equino61;ial  is  num¬ 
bered  into  360  degrees,  commencing  at 
'  the  equinoctial  point  nr  :  But  as  the 
equinodlial  is  not  always  numbered  fo, 
and  this  being  properly  a  Problem  in 
Aftronornyy  we  choofe  rather  to  place  it 
here. 

By  the  converfe  of  this  problem,  hav¬ 
ing  the  right  afcenfion  and  declination 
of  any  point  given,  tliat  point  itfelf  may 
be  eafily  found  upon  the  globe. 

Prob.  XXXV.  ro  find  the  Longitude 
and  Latitude  of  a  given  Star. 

Having  brought  the  folftitial  colure 
to  the  meridian,  fix  the  quadrant  of  al¬ 
titude  over  the  proper  Pole  of  the  eclip¬ 
tic,  whether  it  be  North  or  South ;  then 
turn  the  quadrant  over  the  given  Star, 
and  the  arch  contained  betwixt  the  Star 
and  the  ecliptic,  will  be  the  latitude, 
and  the  degree  cut  bn  the  ecliptic  will 
be  the  Star’s  longitude. 

Thus  the  latitude  of  Ardturus  will  be 
found  to  be  31  degrees  North,  and  the 

Ion- 
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longitude  200  degrees  from  ^ y  or  20 
degrees  from  :  The  latitude  of 
Fomaiilhaiit  in  the  Southern  Fifli,  21  de¬ 
grees  South,  and  longitude  2994-  de¬ 
grees,  or  ^294-  degrees.  By  the  con- 
verfe  of  this  method,  having  the  lati¬ 
tude  and  longitude  of  a  Star  given,  it 
will  be  eafy  to  find  the  Star  upon  the 
globe. 

The  difiance  betwixt  two  Stars,  or 
the  number  of  degrees  contained  be¬ 
twixt  them,  may  be  found  by  laying 
the  quadrant  of  altitude  over  each  of 
them,  and  counting  the  number  of  de¬ 
grees  intercepted ;  after  the  fame  man¬ 
ner  as  we  found  the  difiance  betwixt 
two  places  on  the  Ferrejlrial  Globe,  in 
Prob.  VII. 


Prob.  XXXVI.  T!he  Latitude  of  the 
Placey  the  Day  of  the  Mouthy  and  the 
Hour  being  give?i ;  to  fnd  what  Stari 
are  then  rifing  or  fettmgy  what  Stars 
are  culmiyiatingy  or  on  the  jneridiariy  and 
the  Altitude  and  Azimuth  of  any  Star 
above  the  Horizon  j  and  alfo  how  to  dif- 
tinguijh  the  Stars  in  the  Heavens  one 
from  the  other y  and  to  know  them  by 
their  proper  Names, 


Having 
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Having  reftified  the  globe  for  the  la¬ 
titude,  the  zenith,  and  the  Sun’s  place, 
turn  the  globe  about  until  the  index 
points  to  the  given  hour,  the  globe  be¬ 
ing  kept  in  this  polition. 


All  thofe  Stars  that  are  in  the 
fide  of  the  horizon,  are  then 


^Eaftern  7 
^Weftern) 
CRifmg,  7 
^Setting.  3 


All  thofe  Stars  that  are  under  the 
meridian,  are  then  culminating.  And 
if  the  quadrant  of  altitude  be  laid  over 
the  center  of  any  particular  Star,  it  will 
fliow  that  Star’s  altitude  at  that  time ; 
and  where  it  cuts  the  horizon,  will  be 
the  Star’s  azimuth  from  the  North  or 
South  part  of  the  meridian. 


The  globe  being  kept  in  the  fame  ele¬ 
vation,  and  from  turning  round  its  axis^ 
move  the  wooden  frame  about  until  the 
North  and  South  points  of  the  horizon 
lie  exa6lly  in  the  meridian  ;  then  right 
lines  imagined  to  pafs  from  the  center 
j:hro’  each  Star  upon  the  furface  of  the 
•globe,  will  point  out  the  real  Star  in  the 
heavens,  v/hich  thofe  on  the  globe  are 
tnade  to  reprefent.  And  if  you  are  by 
the  fide  of  fome  wall  wliofe  bearing  you 

know 
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know,  Isy  the  (^U3.d.r3iit  of  altitude  to 
that  bearing  in  the  horizon,  and  it  will 
cut  all  thofe  Stars  which  at  that  very  time 
are  to  be  feen  in  the  fame  diredlion,  or 
clofe  by  the  fide  of  the  faid  wall.  Thus 
knowing  fome  of  the  remarkable  Stars  in 
any  part  of  the  heavens,  the  neighbour¬ 
ing  Stars  may  be  diflinguifhed  by  oblerv- 
ing  their  fituations  with  refpecl  to  thofe 
that  are  already  known,  and  comparing 
them  with  the  Stars  drawn  upon  the 
globe* 

Thus,  if  you  turn  your  face  towards 
the  North,  you  will  find  the  North  Pole 
of  the  globe  points  to  t\\Q  Pole-Star  j  then 
you  may  obferve  two  Stars  fomewhat  lefs 
bright  than  the  Pole-Star,  almofl  in  a 
right  line  with  it,  and  four  more  which 
form  a  fort  of  quadrangle  j  thefe  feven 
Stars  make  the  conffellation  called  the 
Little  Bear-,  the  Pole  Star  being  in  the  tip 
of  the  tail.  In  this  neighbourhood  you 
will  obferve  feven  bright  Stars,  which  are 
commonly  called  Charles  s  W 'ine  j  thefe 
are  the  bright  Stars  in  the  Great  Bear, 
and  form  much  fuch  another  figure^with 
thofe  before-mentioned  in  the  little  Bear: 
The  two  foremofl  of  the  fqiiare  lie  al¬ 
mofl  in  a  right  line  with  the  Pole  Star, 
and  are  called  the  Pointers  j  fo  that  know- 
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ing  the  Pointers,  you  may  eafily  find  the 
Pole  Star.  Thus  the  reft  of  the  Stars  in 
I  this  conftellation,  and  all  the  Stars  in  the 
neighbouring  conftellation s  may  be  ea- 
filyfoundjby  obfeiving  how  the  unknown 
Stars  lie  either  in  quadi^ angle s ^  triangles^ 
or  ftrait  lines,  from  thofe  that  are  already 
known  upon  the  globe. 

After  the  fame  manner  the  globe  be¬ 
ing  re6lified,  you  may  diftinguifh.  thofe 
Stars  that  are  to  the  Southward  of  you, 
and  be  foon  acquainted  with  all  the  Stars 
that  are  vifible  in  our  hemifphere. 

SCHOLIUM. 

The  globe  being  redfified  to  the  lati¬ 
tude  of  any -place,  if  you  turn  it  round 
its  axis,  all  thofe  Stars  that  do  not  go 
below  the  horizon  during  a  whole  re¬ 
volution  of  the  globe,  never  fet  in  that 
place ;  and  thofe  that  do  not  corne  above 
the  horizon  never  rife. 

Prgb.  XXXVIL  Lhe  latitude  of  the  place 
being  giveri ;  to  find  the  Amplitude^  Ob^ 
Uqiie  Afcenfiion  and  Lejeenfion^  Afceiifi- 
cnalDifi'erence^  Semi-diurnal  Arch,  and 
the  time  of  continuance  above  the  hori¬ 
zon,  of  any  given  point  in  the  heavens. 

Plaving 
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Having  reflified  the  globe  for  the  la¬ 
titude,  and  brought  the  given  point  to 
the  meridian,  fet  the  index  to  the  hour 
of  12;  then  turn  the  globe  until  the 
given  point  be  brought  to  theEaftern  fide 
of  the  horizon,  and  that  degree  of  the 
equinobtial  which  is  cut  by  the  hori¬ 
zon  at  that  time,  will  be  the  Oblique 
Afcenfion'i  and  where  the  given  point  cuts 
the  horizon,  is  the  Amplitude  Ortive:  If 
the  globe  be  turned  about  until  the  given 
point  be  brought  to  the  Weftern  fide  of 
the  horizon,  it  will  there  fhow  the  Am- 
plitude  Occajive ;  and  where  the  horizon 
cuts  the  equinoftial  at  that  time,  is  the 
Oblique  Defcenjion. 


The  time  between  the  index  at  either 
of  thefe  two  politions,  and  the  hour  of 
6 ;  or  half  the  difference  between  the 
oblique  afcenfion  and  defcenfion  is  the 
Afcenfional  Difference. 


If  the  place  be  in  North  latitude  and  the 

declination  of  the  given  point  be  ^ 

the  afcenfional  difference  reduced  into 

time,  f  ?  6  o’ Clock, 

'  from  3 

gives  the  Semi-diurnal  Arch  ;  the  com¬ 
plement  whereof  to  a  femicircle,  is  the 


M 


3 
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Semi-no^urnal  Arch.  If  the  place  be 
in  South  latitude,  then  the  contrary 
is  to  be  obferved  with  refpe<ft  to  the 
declination. 


arch  being 


doubled,  gives  the  time  of  continuance 


the  horizon.  Or  the  time  of 


continuance  above  the  horizon,  may 
be  found  by  counting  the  number  of 
hours  contained  in  the  upper  part  of 
the  horary  circle,  betwixt  the  place 
where  the  index  pointed  when  the  given 
point  was  in  the  Eaftern  or  Weilern 
parts  of  the  horizon.  If  the  given  point 
was  the  Sun’s  place,  the  index  pointed 
the  time  of  his  rifing  and  fetting,  when 
the  faid  place  was  in  the  Eaftern  and 
Weftern  parts  of  the  horizon,  as  in 
Preb.  18.  Or  the  time  of  Sun-rifing 
may  be  found  by  adding  or  fubtrafting 
his  afcenfional  difference,  to  or  from 
the  hour  of  fix,  according  as  the  lati¬ 
tude  and  declination  are  either  contrary 
or  the  fame  way. 


Thus,  at  Londofi^  on  the  ifl  of  MaVy 
the  Suns 

Amplitude  is  24  degrees  Northerly. 


Oblique  Afce?ifiony  20. 


0^- 
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'  Oblique  Defcenjion,  58. 
uifcenjional  Difference^  19. 

Semidiurnal  Archy  109. 

His  continuance  above  the  horizon, 
14I  hours. 

Sun  rifes  at  three  quarters  paft  four. 
Sun  fets  a  quarter  paft  feven. 

Thefe  things  for  the  Sun  vary  every 
day ;  but  for  a  Fixed  Star  the  day  of  the 
month  need  not  be  given,  for  they  are 
the  fame  all  the  year  round. 

In  the  latitude  of '5  il  North,  Syrius's 
' Amplitude  \s  about  2 8  degrees  Southerly. 
Oblique  Afcenjion^  121. 

Oblique  Defcenfion^  75. 

AJcenfional  Difference^  23. 
Semi-diurnal  Archy  67. 

Continuance  above  the  horizon,  9 
hours. 

Prob.  XXXVIII.  Tdhe  Latitude  and  the 
Day  of  the  Mo7ith  bemg  given  ;  to  find 
the  Hour  when  any  known  Star  will  be 
upon  the  meridian^  and  alfo  the  time  of 
its  rifing  and  fetting. 

Having redlified  the  globe  for  the  lati¬ 
tude  and  the  Sun’s  place,  bring  the  given 
Star  to  the  meridian,  and  alfo  to  the  Eaft 
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or  Weft  ftde  of  the  horizon,  and  the- 
index  will  Ihew  accordingly  when  the 
Star  culminates^  or  the  time  of  the  r/- 
fing  Jetting, 

Thus  at  Londo'iiy  on  the  2  ift  of  fanu^ 
ary,  Syrius  will  be  upon  the  meridian, 
at  a  quarter  paft  ten  in  the  evening ; 
rifes  at  5^  hours,  and  fets  at  three  quar¬ 
ters  paft  two  in  the  morning. 

By  the  convcrfe  of  this  problem, 
Icnowing  the  time  when  any  Star  is  up¬ 
on  the  mej  idian,  you  may  eafily  find, 
the  Sun’s  place.  Thus,  biing  the  given 
Star  to  the  meridian,  and  let  the  index  to> 
the  given  hourj  then  turn  the  globe  till 
the  index  points  to  j  2  at  noon,  and  the 
meridian  will  cut  the  Sun’s  place  in  the 
ecliptic.  1  hus  when  Syrius  comes  to 
tlie  meridian  at  lo'  hours  after  noon, 
the  Sun’s  place  will  be  -  deg. 

Frob.  XXXIX.  T’o  Jnd  at  what  time 
of  the  Tear  a  given  Star  will  he  upon, 
the  Meridian,  at  a  given  Hour  of  the 
Night, 

Bring  the  Star  to  the  meridian,  and 
(et  the  index  to  the  given  hour,  then  turn 
the  globe  till  the  index  points  to  12  at 
3  .  noouj 
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noon,  and  the  meridian  will  cut  the  e- 
cliptic  in  the  Sun  s  place ;  whence  the  day 
of  the  month  may  be  eafily  found  m  the 
kalendar  upon  the  horizon. 

Prob.  XL.  'J’he  Day  of  the  Month,  and 
the  Azimuth  of  any  known  Star  being 
given  j  to  find  the  Hour  of  the  Night, 

Having  redlihed  the  globe  for  the  la^ 
titude  and  the  Sun’s  place,  if  the  givei:^ 
Star  be  due  North  or  South,  bring  it  to 
the  meridian,  and  the  index  will  Ihow 
the  hour  of  the  night.  If  the  Star  be  in 
any  other  direftion,  fix  the  quadrant  of 
altitude  in  the  zenith,  and  fet  it  to  the 
Star’s  azimuth  in  the  horizon ;  then  turn 
the  globe  about  until  the  quadrant  cuts 
the  center  of  the  Star,  and  the  index  wil 
fhew  the  hour  of  the  night. 

The  bearing  of  any  point  in  , the 
heavens  may  be  found  by  the  following 
methods. 

Having  a  meridian.Hne  drawn  in  two 
windows,  that  are  oppofite  to  one  ano- 
ther.  you  may  crofs  it  at  right  angles 
with  another  line  reprefentmg  the  Ealt 
and  Weft ;  from  the  point  of  the  inter- 
feaion  defcribe  a  circle,  and  divide  each 
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quadrant  into  oo  degrees ;  then  get  a 
.  Imooth  board,  of  about  2  feet  long,  and  -}■ 
of  a  foot  broad  (moreorlefs,  as  you  judge 
convenient)  and  on  the  back  part  of  it 
fix  another  fmall  board  crolTvvays,  fo  that 
it  may  ferve  as  a  foot  to  fupport  the  big- 
geft  board  upright,  when  it  is  fet  upon 
adeve},-or  an  horizontal  plane.  The 
board  being  thus  prepared,  fet  the  lower 
edge  of  "the  fmooth,  or  fore  fide  of  it, 
clofe  to  - the  center  of  the  circle,  then 
turn  it  about  to  the  meridian,  or  to  any 
azimuth  point  required  (keeping  the 
edge  of  it  always  clofe  to  the  center-j  and 
calling  your  eye  along  the  flat  fide  of  it, 
you  will  eafily  perceive  what  Stars  are 
upon  the  meridian,  or  any  other  bear¬ 
ing  that  the  board  is  fet  to.  - 

9  -  «. 

^  )  • 

Prob.  XLI.  knew?t  S tars  havi ng  the 

fame  Azimuth,  or  the  fam.e  Height,  be^ 
mg  given  3  to  find  the  Hour  of  the  Night, 

•  t 

Redlify  the  globe  for  the  latitude^  the 
zenith,  and  the  Sun’s  place. 

I.  When  the  two  Stars  are  in  the 
fame  azimuth,  turn  the  globe,  and  alfo 
the  quadrant  about^  until  both  Stars 
coincide  with  the  edge  thereof  3  then  will 
the  index  fhew  the  hour  of  the  night ; 

and 
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and  where  the  quadrant  cuts  the 'ho¬ 
rizon,  is  the  common  azimuth  of  both 
Stars. 

2.  If  the  two  Stars  are  of  the  fame  al¬ 
titude,  move  the  globe  fo  that  the  fame 
degree  on  the  quadrant  will  cut  both 
Stars,  then  the  index  will  fhew  the  hour. 

This  problem  is  ufeful  when  the  quan¬ 
tity  of  the  azimuth  of  the  two  Stars  in 
the  firft  cafe,  or  of  their  altitude  in  the 
latter  cafe,  is  not  known. 

If  two  Stars  were  given,  one  of  the  meridi¬ 
an,  and  the  other  in  the  Eafl  or  Weft  part 
of  the  horizon  j  to  find  the  Latitude, 

Bring  that  Star  which  was  obferved 
,  on  the  meridian,  to  the  meridian  of  the 
globe,  and  keep  the  globe  from  turning 
round  its  axis  5  then  Aide  the  meridian 
up  or  down  in  the  notches,  till  the  other 
Star  is  brought  to  the  Eaft  or  Weft  part 
of  the  horizon,  and  that  elevation  of 
the  Pole  will  be  the  Latitude  fought. 

Prob.  XLII:  L’he  Latitude,  Day  of  the 
Month,  and  the  Altitude  of  any  known 
Star  being  given  3  to  find  the  Hour  of 
the  Night. 
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and  if  you  bring  it  to  the  Eaftern  part 
of  the  horizon,  that  degree  which  fets- 
at  that  time  will  be  the  Sun’s  place  when 
tite  Star  rifes  Achranically. 

Thus,  in  the  latitude  of  London^  Sy- 
rliis^  or  the  Dog-Star^  rifes  Cofmically  the 
loth  of  Augiiji,  and  fets  Cofmically  the 
15  th  of  November.  Aldebaran^  or  the 
B nil's  Eye^  fets  Achronically  on  the  2 2d 
of  May^  and  rifes  Achrojiically  on  the 
9th  of  December. 

Fr OB.  XLIV.  Having  the  Latitude  of 
the  place.,  to  find  the  Time  when  ^  Star 
rifes  and  fets  Heliacally. 

Having  redtihed  the  globe  for  the  la¬ 
titude,  bring  the  Star  to  the  Eafteni  fide 
of  the  horizon,  and  turn  the  quadrant 
round  to  the  Weifern  fide,  till  it  cuts 
the  ecliptic  in  12  degrees  of  altitude 
above  the  horizon,  if  the  Star  be  of  the 
hrft  magnitude  j  then  that  point  of  the 
ecliptic  which  is  cut  by  the  quadrant,  is 
12  degrees  high  above  the  Weftern  part 
of  the  horizon,  when  the  Star  rifes  j  b\it 
at  the  fame  time  the  oppofite  point  in 
the  ecliptic  is  1 2  degrees  below  the  Eaft- 
•  ern  part  of  the  horizon,  which  is  the  de- 
prejtUon  of  a  Star  of  the  fitfi  magnitude., 

when 
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when  it  rifes  Hehatally ;  or  has  got  fa 
far  from  the  Sun’s  beams,  that  it  may¬ 
be  feen  in  the  morning  before  Sun-rihng.- 
Wherefore  look  for  the  faid  point  of  the 
ecliptic  on  the  horizon,  and  right  agaluFt: 
it  will  be  the  day  of  the  month  when  the 
Star  7'ifes  Heliciccilly .  To  find  the  Hciief- 
cal  Jetting,  bring  the  Star  to  the  Well 
fide  of  the  horizon,  and  turn  the  qua* 
drant  about  to  the  Eaftern  fide,  till  the 
i  2th  degree  of  it  above  the  horizon  cuts 
the  ecliptic ;  then  thatdegree  of  the  eclip¬ 
tic  which  is  oppofite  to  this  point,  is  the 
Sun’s  place  when  the  Star fets  HeliticciUy. 

Thus  you  will  find  that  Arcluriis  rifes 
Heliacally  the  6th  of  Odlober,  and  fets 
Heliacally  Decejnber  the  2d, 

Prob.  XLV.  'To  find  the  place  of  my 
Pla?tet  upon  the  globe ;  a72d  fo  by  that 
?neans,  to  find  its  place  in  the  Heanoens : 
Alfo  to  find  at  what  Hour  any  Fianei 
nvill  rife  or  Jet,  or  be  on  tk  meridian 
071  any  Day  in  the  Tear . 

You  mull  firfl  feek  in  an  Epheineiis 
(TOz^^’sEphemeris  will  do  well  enough) 
for  the  longitude  and  latitude  of  tlie 
Planet  propofed  on  that  day ;  mark 
that  point  by  (ticking  a  little  black 
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patch  on  It ;  and  then  for  ["that  night 
you  may  perform  any  problem,  as  be¬ 
fore,  by  a  Fixed  i:tar. 

Let  it  be  required  to  find  the  fituation 
of  Jupiter  among  the  Fixed  Stars  in  the 
heavens,  and  alfo  what  time  he  rifes 
and  fets,  and  comes  to  the  meridian  on 
the  19th of  May,  lyrj^  N.  S.  at  Loftdom 

Looking  for  the  19th  of  May,  1757, 
Iin  White' ^  Ephemeris,  I  find  XhdXjupi-^ 
ters  place  at  that  time  is  in  about  12 
degrees  of  in  ^  latitude  about  i  ^  de^ 
gree  North.  Then  looking  for  that 
point  upon  the  Celeftial  globe,  I  find 
that  V-  is  then  neai'ly  in  conjun6fion 
with  the  bright  Star  in  the  Southern  Ba^ 
lance,  and  about  i  deg.-ee  North  of  it. 

To  find  when  he  rifes  and  fets,  and 
comes  to  the  meridian  :  Having  put  a 
little  black  patch  on  the  place  of  Jupiter ^ 
elevate  the  globe  according  to  the  lati¬ 
tude,  and  having  brought  the  Sun’s  place 
to  the  meridian,  let  the  hour  index  to 
12  at  noon  ;  then  turn  the  mark  which 
was  made  for  Jupiter,  to  the  Eaftern 
part  of  the  horizon,  1  find  %  will  rife 
about  fix  o’clock  in  the  afternoon  ;  and 
turning  the  globe  about,  1  find  it  comes 

to 
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to  the  meridian  a  little  before  eleven 
at  night  j  and  fets  about  half  an  hour 
after  thi-ee  the  next  morning. 

This  example  belngunderftood,ltwill 
be  eafy  to  find  when  either  of  the  other 
two  fuperior  Planets,  viz.  Mars  and  Sa^ 
turn,  rife,  fet,  and  come  to  the  meridian, 

I  fliall  conclude  this  fubje6f  about  tils 
Globes  with  the  following  problems. 

Prob.  XLVI.  'To  find  all  that  /pace  upon 
the  Earth,  vohere  an  Eclipfe  of  one  oftlye 
Satellites  of  Jupiter  voill  be  vifible, 

Having  found  that  place  upon  the 
Earth,  in  which  the  Sun  is  vertical  at  the 
time  of  the  eclipfc,  by  Pro/'.  13.  elevate 
the  globe  according  to  the  latitude  of  tlie 
faid  place  5  then  bring  the  place  to  the 
meridian,  and  fet  the  hour  index  to  1 2 
at  noon.  If  Jupiter  be  in  confequence 
of  the  Sun,  draw  a  line  with  black  lead, 
or  the  like,  along  the  Eaftern  fide  of  the 
horizon,  which  line  will  pafs  over  all 
thofe  places  where  the  Sun  is  fetting  at 
that  time ;  then  count  the  difference  be¬ 
twixt  the  right  afcenfion  of  the  Sun,  and 
that  of  Jupiter,  and  turn  the  globe  Wefl- 
ward,  till  the  hour  index  points  to  this 

'  differ- 
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difference ;  then  keep  the  globe  froni 
turning  round  its  axis,  and  elevate  the 
meridian  according  to  the  declination  of 
fupiter.  The  globe  being  in  this  pofiti- 
on,  draw  a  line  along  the  Eaflern  fide  of 
the  horizon ;  then  the  fpace  betv/een  this 
line,  and  the  line  before  drawn,  will  com¬ 
prehend  all  thofe  places  of  the  Earth 

bevifible,  from  thefet- 
ting  of  the  Sun,  to  the  fetting  of  Jupiter, 

But  if  Jupiter  be  in  antecedence  of  the 
Sun  (/.  e.  rifes  before  him)  having 
brought  the  place  where  the  Sun  is  ver¬ 
tical,  to  the  zenith,  and  put  the  hour  in¬ 
dex  to  1 2  at  noon,  draw  a  line  on  the 
Weflern  fide  of  the  horizon  j  then  ele¬ 
vate  the  globe  according  to  the  declina¬ 
tion  of  Jupiter^  and  turn  it  about  Eafl- 
ward,  until  the  index  points  to  fo  many 
hours  diftant  from  noon,  as  is  the  dif¬ 
ference  of  the  right  afcenfion  of  the  Sun 
and  Jupiter.  The  globe  being  in  this 
pofition,  draw  a  line  along  the  Weflern 
fide  of  the  horizon ;  then  the  fpace  con¬ 
tained  between  this  line,  and  the  other 
lafl  drawn,  will  comprehend  all  thofe 
places  upon  the  Earth  where  the  Eclipfe 
is  vifible,  between  the  rifing  of  the  Sun* 
and  that  of  Jupiter. 

Tbe 
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rhe  DESCRIPTION  of  the 

Great  Orrery,  lately  made 

by  Mr,  Thomas  Wr  i  g  h  t, 

Mathematical  Inftrument-Ma- 

ker  to  his  late  Majesty. 

$ 

The  Orrery  is  an  Aflronomical 
Machine,  made  to  reprefent  the 
motions  of  the  Planets.  Thefe  ma¬ 
chines  are  made  of  various  fizes,  fome  , 
having  more  Planets  than  others  ;  but 
I  fhall  here  confine  myfelf  to  the  der 
fcription  of  that  above-mentioned. 

In  the  Introdudion  we  gave  a  fhort 
account  of  the  Order ^  Periods,  Dijiances, 
and  Magnitudes  of  the  Primary  Planets ; 
and  of  the  Dijiances  and  Periodical  Re- 
-volutions  of  the  Secondary  Planets  round 
their  refpedive  Primaries.  We  fhall  here 
explain  their  Stations,  "  Re  gradations, 

N  Eclip- 
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EcUjfes,  Phafes^  &c.  but  firft  let  us  take 
a  general  view  of  the  Orrery. 

The'frame  which  contains  the  wheel- 
work,  ^c.  that  regulates  the  whole  Ma¬ 
chine^  is  made  of  Sne  ebony,  and  is  near 
four  feet  in  diameter;  tire  outfide  there¬ 
of  is  adorned  with  twelve  pilafters,  cu- 
riouily  wrought  and  gilt :  Between  thefe 
pilafl'ers  the  tv/eive  Signs  of  the  Zodiac 
are  neatly  painted,  with  gilded  frames. 
Above  tire  frame  is  a  broad  ring,  fup- 
ported  with  twelve  pillars :  This  ring 
reprefents  tlie  Plane  of  the  Ecliptic.,  up¬ 
on  which  there  are  two  fcales  of  de¬ 
grees,  and  between  thofe  the  namies  and 
characters  of  the  twelve  Signs.  Near 
the  outfide  is  a  fcale  of  months  and 
days,  exactly  correfponding  to  the  Sun’s 
place  at  noon,  each  day  throughout 
the  year. 

Above  the  ecliptic  ffands  fome  of  the 
principal  circles  of  the  fphere,  according 
to  their  refpeclive  fituations  in  the  hea¬ 
vens,  ^iz.  N“  10,  are  the  two 
divided  into  degrees,  and  half  degrees  ; 
N°  II,  is  one  half  of  the  Equinodfial 
Circle,  making  an  angle  with  the  eclip¬ 
tic  of  234  degrees.  The  Eropic of  Can¬ 
cer,  and  the  Ardlic  Circle,  are  each  fixed 

parallel, 
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parallel,  and  at  their  proper  diftahce 
from  the  equinoctial.  On  the  North¬ 
ern  half  of  the  ecliptic  is  a  brafs  femi- 
circle,  moveable  upon  two  points  fixed 
in  ^  and  :  This  femicircle  ferves  as  ^ 
moveable  horizon,  to  be  put  to  any  de¬ 
gree  of  latitude  upon  the  North  part  oi 
the  meridian.  The  whole  machine  is 
alfo  fo  contrived,  as  to  be  fet  to  any  la¬ 
titude,  without  in  the  lead:  alfeding  any 
of  the  infide  motions  :  For  this  purpofe 
there  are  two  ftrong  hinges  (N°  13.) 
fixed  to  the  bottom  frame,  upon  which 
the  inflrument  moves,  and  a  ffrong  brafs 
arch,  having  holes  at  every  degiee, 
thro’  which  a  ftrong  pin  is  to  be  put, 
according  to  the  elevation.  This  arch 
and  the  two  hinges,  fupport  the  whole 
machine,  when  it  is  lifted  up  according 
to  any  latitude ;  and  the  arch  at  other 
times  lies  conveniently  under  the  bot¬ 
tom  frame. 

When  the  machine  is  fet  to  any  la¬ 
titude  (which  is  eafily  done  by  two  men, 
each  taking  hold  of  two  handles,  con¬ 
veniently  fixed  for  that  purpofe)  fet  the 
moveable  horizon  to  the  lame  degiee 
upon  the  meridian,  and  you  may  form 
an  idea  of  the  refpeclive  altitude,  01  de- 
prefiions  of  the  Planets,  above  or  below 
^  N  2  the 
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the  horizon,  according  to  their  refpe^tive 
pofitions,  with  regard  to  the  meiidiaiu 

Within  the  ecliptic,  and  nearly  in  the 
fame  plane  with  it,  hands  the  Sun,  and 
ail  the  Planets,  both  Primary  and  Se¬ 
condary.  The  Sun  (N°'i.)  hands  in 
the  middle  of  the  whole  fyhem,  upon  a 
wire,  making  an  angle  with  the  plane 
of  the  ecliptic,  of  about  82  degrees; 
which  is  the  inclination  of  the  Sun’s 
axis,  to  the  axis  of  the  ecliptic.  Next 
to  the  Sun  is  a  fmall  ball  (N®  2.)  re- 
prefenting  Mercury:  Next  to  Mercury  is 
Venus  (N°  3.)  reprefented  by  a  larger 
ball  (and  both  theie  hand  upon  wires, 
fo  that  the  balls  themfelves  may  be  more 
yifibly  perceived  by  the  eye.  The  Earth 
is  reprefented  (N°  4.)  by  an  ivory  ball, 
having  fome  of  the  principal  meridians 
and  parallels,  and  a  little  Iketch  of  a 
map  deferibed  upon  it.  The  wire  which 
fupports  the  Earth,  makes  an  angle  with 
the  plane  of  the  ecliptic  664-  degrees, 
which  is  the  inclination  of  the  Earth’s 
axis  to  that  of  the  ecliptic.  Near  the 
bottom  of  the  Earth’s  axis  is  a  Dial  Plate 

(N°  9.)  having  an  index  pointing  to  the 

hours  of  the  day,  as  the  Earth  turns 
rounds  its  axis. 


Round 
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Round  the  Earth  is  a  ring,  fupported 
by  two  fmall  pillars,  which  ring  repre- 
fents  the  Orbit  of  the  Moon,  and  the  di- 
vifion  upon  it  anfwers  to  the  Moon’s  la¬ 
titude  ;  the  motion  of  this  ring  repre- 
I’ents  the  motion  of  the  Moon’s  Orbit, 
according  to  that  of  the  Nodes.  V/ithia 
this  ring  is  the  Moon  (N®  5.)  having 
a  black  cap  or  cafe,  which  by  its  mo¬ 
tion,  reprefents  the  Pbafes  of  the  Moon 
according  to  her  age.  Without  the 
Orbits  of  the  Earth  and  Moon  is  Mars 
(N°  6.)  The  next  in  order  to  Mars  is 
^Jupiter ^  and  his  four  Moons  (N°  7.) 
each  of  thefe  moons  is  fupported  by  a 
crooked  wire  fixed  in  a  focket,  wEich 
'  turns  about  the  pillar  that  fupports  y?/- 
piter.  Thefe  fatellites  may  be  turned  by 
the  hand  to  any  pofition ;  and  yet  when 
the  machine  is  put  in  motion,  they  will 
all  move  in  their  proper  times.  The  out- 
ermoft  of  all  is  Saturn,  and  his  five  Moons 

*  f 

( N °  8 . )  Thefe  moons  are  fupported  and 
contrived  after  the  fame  manner  with 
thofe  of  Jupiter.  The  whole  machine 
is  put  into  motion  by  turning  a  fmall 
winch  (like  the  key  of  a  clock,  N*"  14.) 
and  all  the  infide  work  is  fo  truly 
wrought,  that  it  requires  but  very  fmall 
ftrength  to  put  the  v^hole  in  motion. 

N  3 
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Above  the  handle  there  is  a  cylin¬ 
drical  pin,  which  may  be  drawn  a  little 
out,  or  puflied  in,  at  pleafure  :  w^hen  it 
is  puflied  in,  all  the  Planets,  both  pri¬ 
mary  and  fecondary,  will  move  accord¬ 
ing  to  their  refpeefrive  periods,  by  turn¬ 
ing  the  handle  :  When  it  is  drawn  out, 
the  motions  of  the  Satellites  of  Jupiter 
and  Saturn  will  be  flopped,  while  all  the 
reft  move  without  interruption.  This  is 
a  very  good  contrivance  to  p refer ve  the 
inftrument  from  being  clogged  by  tlie 
fA'ift  m.otions  of  the  wdieels  belonging 
to  the  Satellites  of  Jupiter  and  Saturn^ 
when  the  motions  of  the  reft  of  the  Pla¬ 
nets  are  only  confidered. 

■  There  is  alfo  a  brafs  lamp  having  twn 
convex  glaffes,  to  be  put  in  the  room 
of  the  Sun  j  and  alfo  a  fm after  Earth  and 
Moon,  made  fomewdiat  in  proportion  to 
^  their  diftance  from  each  other,  which 
may  be  put  on  at  pleafure. 

The  lamp  turns  round  in  the  fame 
time  with  the  Earth,  and  by  means  of 
the  glaftes  caft  a  ftrong  light  upon  her  j 
and  when  the  fm  after  Earth  and  Moon 
are  placed  on,  it  will  be  eafy  to  fhew 
when  either  of  them  may  be  eclipfed. 


Having 
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Having  thus  given  a  brief  defcriptioii  • 
of  the  outward  part  of  tins  niachine,  I 
fhall  next  give  an  account  of  the  phse- 
nomena  explained  by  it,  when  it  is^put 
into  motion. 

I.  Of  the  Motions  of  the  Planets  in  ge¬ 
neral. 

Having  put  on  the  handle,  pufli  in 
the  pin  which  is  juft  above  it,  and  place 
a  fmall  black  patch  (or  bit  of  wafer) 
upon  tlie  middle  of  the  Sun  (foi  in- 
ftance)  right  againft  the  fitft  degiee  of 
^  ;  you  may  alio  place  patcnes  upon 
Venus,  Mars,  and  Jupiter,  riglit  againft 
feme  noted  point  in  the  ecliptic.  If  you 
lay  a  thread  from  the  Sun  to  the  fiift 
deo'ree  of  ,  you  may  fet  a  mark  where 
it  interfedtS  the  orbit  of  each  Planet, 
and  that  will  be  a  help  to  note  the  time 
of  their  revolutions. 

One  entire  turn  of  the  handle  anfwers 
to  the  diurnal  motion  of  the  Eaith 
round  her  axis,  as  may  be  feen  hylht 
motion  of  the  hour  index,  which  is 
placed  at  the  foot  of  the  wire  on  \yhich 
the  terella  is  fixed.  When  the  index 
has  moved  the  fpace  of  ten  houis,  you 
may  obferve  that  Jupiter  has  made  one 
^  K  A  revo- 


;i84 


^he  Defcription  of 

revolution  compleat  round  its  axis  5  the 
handle  being  turned  until  the  hour  in¬ 
dex  has  pafled  over  24  days,  8  hours, 
will  bring  the  patch  upon  Venus  to  its 
former  fituation  with  refpea:  to  the 
ecliptic,  which  fhews  that  ?  has  made 
one  entire  revolution  round  her  axis. 
Mars  makes  one  complete  revolution 
round  its  axis  in  24  hours  and  about 
40  minutes.  When  the  handle  is  turn¬ 
ed  254  times  round,  the  fpot  upon  the 
Sun  will  point  to  the  fame  degree  of 
the  ecliptic,  as  it  did  when  the  inftru- 
ment  was  firft  put  into  motion.  By 
obferving  the  motions  of  the  foots  upon 
the  furface  of  the  fun,  and  of  the  Pla¬ 
nets  in  the  heavens,  their  diurnal  mo¬ 
tion  was  difeovered;  after  the  fime 
manner  as  we  do  here  obferve  the  mo¬ 
tions  of  their  reprefentatives,  by  that  of 
the  marks  placed  upon  them. 

If  while  you  turn  the  handle  you  ob¬ 
ferve  the  Planets,  you  will  fee  them  per¬ 
form  their  motions  in  the  fame  relative 
times  as  they  really  do  in  the  heavens, 
each  making  its  period  in  the  times 
mentioned  in  the  Tables,  Fage  28, 
27^  turns  of  the  handle  will  bring 
the  Moon  round  the  earth,  which  is 
called  a  Fcriodic  Month  3  and  all  the 

while 
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Vv^hile  flie  keeps  the  fame  face  towards 
the  Earth ;  for  the  Moon’s  annual  and 
diurnal  motion  are  performed  both  in 
the  fame  time  nearly,  fo  that  we  al¬ 
ways  fee  the  fame  face  or  fide  of  the 
Moon. 

If  before  the  inftrument  Is  put  into 
motion,  the  fatellites  of  Jupiter  and 
Saturn  be  brought  into  the  fame  right 
line  from  their  refpedive  primaries,  you 
will  fee  them,  as  you  turn  the  handle,  « 

immediately  difperfed  from  one  another, 
according  to  their  different  celerities. 

Thus  one  turn  of  the  handle  will  bring 
the  firft  of  Jupiter  s  Moons  about  f- 
part  round  Jupiter  while  the  fecond 
has  deferibed^but  f  part,  the  third  but 
above  and  the  fourth  not  quite  tV 
part,  each  of  its  refpedive  orbits.  If  you 
turn  the  handle  until  the  hour  index 
has  moved  i8~  hours  more,  the  firfl 
fatellite  will  then  be  brought  into  its 
former  pofition,  and  fo  has  made  one 
entire  revolution  i  the  fecond  at  the  fame 
time  will  be  almoft  diametrically  op- 
polite  to  the  firlf,  and  fo  has  made  a 
little  more  than  half  of  one  revolution ; 
the  others  will  be  in  different  afpeds, 
according  to  the  length  of  their  periods, 
as  will  be  plainly  exhibited  by  the  in- 
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flrument.  The  fame  obfervations  may 
be  made  with  refpecl  to  the  fatellites 
of  Saturn. 

.  The  machine  is  fo  contrived,  tliat 
the  handle  may  be  turned  either  way ; 
and,  if  before  you  put  it  into  motion, 

’  you  obferve  the  afpedl  (or  fituation 
,  with  refpedl  to  each  other)  of  the  Pla¬ 
nets,  and  then  turn  the  handle  round 
any  number  of  times ;  the  fame  num¬ 
ber  of  revolutions  being  made  back- 
waitls,  will  bring  all  the  Planets  to  their 
former  fituations.  I  fhall  next  proceed 
to  particulars. 

Of  the  Stations  and  Hetro gradations  of 
the  Flanets. 

The  primary  Planets,  as  they  all  turn 
round  the  Sun,  at  difierent  diftances, 
and  in  different  times,  aj)pear  to  us 
from  the  Earth  to  have  different  moti¬ 
ons  5  as  fometimcs  they  appear  to  move 
from  Weft  to  Eaft,  according  to  the  or¬ 
der  of  the  figns,  which  is  called  their 
JOireSi  Motion ;  then  by  degrees  they 
flacken  their  pace,  until  at  laft  they  lofe 
all  their  motion,  and  become  Statiojiajy^ 
or  not  to  move  at  all  j  that  is,  they  ap¬ 
pear  in  the  fame  place  with  refpedf  to 

tllQ 
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the  fixed  Stars  for  fome  time  together ; 
after  which  they  again  begin  to  move, 

but  with  a  contrary 

Eaft  to  Weft,  which  is  called  then 

troQ-rade  Motion',  then  again  they 
come  ftationary,  and  aftervwds  reaf-W«/.. 
fume  their  direa  motion.  The  reafon 
of  all  thefe  appearances  is  very  evicientiy 
fhewn  by  the  Orrerj. 

Of  the  Stations,  &c.  of  the  Inferior 

Planets. 

We  fliall  inftance  in  the  Plan et 
cury,  becaufe  his  motion  round  the  Sun 
differs  more  from  the  Earth’s  than  tnat 
of  Venus  does. 

When  Mercury  is  in  his  fupenor  con- 
iunaion  (or  when  he  is  m  a 
■from  the  Earth  beyond  Sun)  faffen 
a  ftrino;  about  the  axis  of  the  Eaith, 
and  extend  it  over  Mercury  to  the  eclip¬ 
tic  ;  then  turning  the  handle  keep  the 
thread  all  the  while  extended  over  5 , 
and  you  will  find  it  move  with  a  direct 
motion  in  the  ecliptic,  but  continually 
flower,  until  Mercury  has  the  gieatel 
elongation  from  the  Eartn.  Near  this 
pofition,  the  thread  for  fome  time  will 
layover  Mercury  without  being  moved 
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in  the  ecliptic,  tho’  the  Earth  and  Mer¬ 
cury  both  continue  their  progredlve  mo¬ 
tion  in  their  refpecftive  orbits.  When 
Mercury  lias  got  a  little  paft  this  place, 
you  will  find  the  thread  mull  be  moved 
backward  in  the  ecliptic,  beginning  firlt 
with  a  flow  motion,  and  then  faftei  by 
degrees,  until  Mercury  is  in  his  inferior 
conjun61:ion,  or  direcflly  between  the 
Earth  and  the  Sun.  Next  this  pofition 
1  of ,  his  retrograde  motion  will  be  the 
fwifteft  -j  but  he  ffill  moves  the  fame  way, 
tho’  contiiyaally  flower,  till  he  has  again 
come  to  his  greatefl  elongation,  where 
he  will  appear  the  fecond  time  to  be 
ffationary;  after  which  he  begins  to 
move  forward,  and  that  fafter  by  de¬ 
grees,  until  he  is  come  to  the  fame  po¬ 
rtion  with  refpedf  to  the  Earth,  that 
he  was  in  at  firfl.  The  fame  obferva- 
tjon  may  be  made  relating  to  the  mo¬ 
tions  of  F mus.  In  like  manner  the  dif¬ 
ferent  motions  oblervcd  in  the  fuperior 
Planets  may  be  alfo  explained  by  the 
Orrery.  If  you  extend  the  thread  over 
Jupiter,  and  proceed  after  the  fame 
manner  as  before  we  did  in  regard  to 
Mercury,  you  will  find  that  from  the  time 
Jupiter  is  in  conjundlion  with  the  Sun, 
his  motion  is  dired  ;  but  continually 
flower,  until  the  Earth  is  nearly  in  a 

qua- 
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€iuadrate  afped:  With  Jupiter,  near  which 
pofition  Jupiter  feems  to  be  ftationary  : 

After  w^hich  he  begins  to  move,  and 
continually  mends  his  pace,  until  he 
comes  in  oppofition  to  the  Sun,  at  which 
time  his  retrograde  motion  is  fv/ifteft. 

He  flill  feems  to  go  backward,  but 
with  a  flower  pace,  till  the  Earth  and 
he  are  again  in  a  quadrate  afpecf ,  where 
Jupiter  feems  to  have  loft  all  his  motion ; 
after  which  he  again  refumes  his  diredt 
motion,  and  fo  proceeds  fafter  by  de¬ 
grees,  till  the  Earth  and  he  are  again 
in  oppofition  to  each  other. 

Thefe  different  motions  obferved  in  3* 
the  Planets,  are  eafily  illuftrated,  asfol-"^'^' 
loweth  :  The  leffer  circle  round  the  Sun 
is  the  orbit  of  Mercury^  in  which  he 
performs  his  revolution  round  the  Sun, 
in  about  three  months,  or  while  the 
Earth  is  going  thro’  4  part  of  her  orbit, 
or  from  A  to  N.  Tlie  numbers  i,  2, 

3,  in  the  orbit  of  Mercury,  ftiow 
the  fpaces  he  deferibes  in  a  week  near¬ 
ly,  aitvd  the  diftance  AB,  BC,  CD,  &V. 
in  the  Earth’s  orbit,  do  likewife  fhow 
her  motion  in  the  fame  time.  The 
letters  A,  B,  C,  ^c.  in  the  great  orb, 
are  the  motions  of  Mercury  in  the  Hea¬ 
vens,  as  they  appear  from  the  Eaith. 

Now 
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Now  if  the  Earth  be  fhppofed  in  A, 
2iX\di  Me7‘ciiry  in  12,  near  his  fuperior 
conjundlion  with  the  Sun,  a  fpe(5lator 
on  the  Earth  will  fee  ?  as  if  he  were  in 
the  point  of  the  Heavens  A,  and  while 
^  is  moving  from  12  to  i,  and  from  i 
to  2,  &c.  the  Earth  in  the  fame  time 
alfo  moves  from  A  to  B,  and  from  B  to 
C,  &c.  All  which  time  ^  appears  in 
the  Heavens  to  move  in  a  direttt  motion 
from  A  to  B,  and  from  B  to  C,  &c.  but 
gradually  dower,  until  he  arrives  near 
the  point  G ;  near  this  place  he  ap¬ 
pears  ftationary,  or  to  ftand  ftiil ;  and 
afterwards  (though  lie  flill  continues  to 
move  uniformly  in  hi^  own  orbit,  with 
a  progreffive  motion)  yet  in  the  fphere 
of  the  fixed  Stars  he  will  appear  to  be 
retrograde,  or  to  go  backwards,  as  from 
G  to  H,  from  H  to  I,  &c.  until  he  has 
arrived  near  the  point  L,  where  again 
he  will  appear  to  be  ffationary ;  and  af¬ 
terwards  to  move  in  a  diretA  motion 
from  L  to  M,  and  from  M  to  N, 

V/hat  has  here  been  fnewed  concern¬ 
ing  the  motions  of  Mefxi^ry,  is  allb  to 
be  underftood  of  the  motions  of  Venus  ; 
but  the  conjunflions  of  Venus  with  the 
Sun  do  not  happen  fo  often  as  in  Mer- 
cirry  ^  for  Venus  moving  in  a  larger  orbit, 

and 
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aiid  much  (lower  than  Mercury ^  does  not 
lb  often  overtake  the  Earth.  But  the 
retrogradadons  are  much  greater  in  Ve¬ 
nus  than  they  are  in  Mercury^  for  the 
fame  reafons. 

The  innermofl  circle  reprefents  the  z- 
Earth’s  orbit,  divided  into  12  parts,  an- 
fu'ering  to  her  monthly  motion ;  the 
greater  circle  is  the  orbit  of  Jupiter, 
which  he  defcribes  in  about  1 2  years ; 
and  therefore  the  -V  thereof,  from  A  to 
N,  defines  his  motion  in  one  of  our 
vears  nearly ;  and  the  intermediate  di- 
vifions.  A,  B,  C,  &c.  his  monthly  mo¬ 
tion.  Let  us  fuppofe  the  Earth  to  be 
in  the  point  of  her  orbit  1 2,  and  Ju¬ 
piter  in  A,  in  his  conjunction  with  the 
Sun ;  it  is  evident  that  from  the  Earth 
Jupiter  will  be  feen  in  the  great  orb, 
or  in  the  point  of  the  Eleavens  A,  and 
while  the  Earth  is  moving  from  1 2  to  i , 

2,  &c.  %  alfo  moves  from  A  to  B,  &c. 
all  which  time  he  appears  in  the  Hea¬ 
vens  to  move  wdth  a  direCt  motion 
from  A  to  B,  C,  ^c.  until  he  comes  in 
oppofition  to.  the  Earth  near  the  point 
of  the  Heavens  E,  where  he  appears  to 
be  Ifationary ;  after  which  again  be¬ 
gins  to  move  (though  ^t  firfb  with  a  flow 
pace)  from  E  through  F,  G,  H,  I,  to  K, 

where 
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where  again  he  appears  to  {Land  ftill, 
but  afterwards  he  reafilimes  his  direct 
motion  from  I  through  K,  to  M,  &c. 

From  the  conftruclion  of  the  preced- 
ing  .figure  it  appears,  that  when  the  fu- 
perior  Planets  are  in  conjundi:ion  with 
the  Sun,  their  direft  motion  is  much 
quicker  than  at  other  times ;  and  that 
becaufe  they  realiy  move  from  Wefl  to 
Eaft,  while  the  Earth  in  the  oppofite 
part  of  the  Heavens  is  carried  the  fame 
way,  and  round  the  fame  center.  This 
motion  afterwards  continually  llackens, 
until  the  Planet  comes  almofi:  in  op- 
polition  to  the  Sun,  when  the  line 
joining  the  Earth  and  Planet,  will  con¬ 
tinue  for  fome  time  nearly  parallel  to 
itfelf,  and  fo  the  Planet  feems  from  the 
Earth  to  hand  hill ;  after  which,  it  be¬ 
gins  to  move  with  a  How  motion  back¬ 
ward,  until  it  comes  into  a  quartile  af- 
pcdt  with  the  Sun,  when  again  it  will 
appear  to  be  hationary,  for  the  above 
reafcns ;  after  that  it  will  refume  its  di- 
redb  motion,  until  it  comes  into  a  con¬ 
junction  with  the  Sun,  then  it  will  pro¬ 
ceed  as  above  explained.  Hence  it  alfo 
appears,  that  the  retrogradations  of  the 
fuperior  Planets  are  much  hower  than 
their  direCt  motions,  and  their  conti¬ 
nuance 
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\iuance  much  ihorter ;  for  the  Planet, 
from  its  lall  quarter,  until  it  comes  in 
oppofition  to  the  Sun^  appears  to  move 
the  fame  way  with  the  Earth,  by  whom 
it  is  then  overtaken:  After  which  it  be¬ 
gins  to  go  backwards,  but  with  a  flow 
motion,  becaufe  the  Earth  being  in  the 
fame  part  of  the  Heavens,  and  moving 
the  fame  way  that  the  Planet  really  does,, 
the  apparent  motion  of  the  Planet  back¬ 
wards  mufl  thereby  be  leffened* 

What  has  been  here  faid  concerning 
the  motions  of  Jupiter^  is  alfo  to  be  un¬ 
derflood  of  Mars  and  Saturn.  But  the 
retrogradations  of  Saturn  do  oftener 
happen  than  thofe  of  Jupiter,  becaufe 
the  Earth  oftener  overtakes  Saturn  j  and 
for  the  fame  reafon,  the  regreffions  of 
Jupiter  do  oftener  happen  than  thofe  of 
Mars.  But  the  retrogradations  of  Mars 
are  much  greater  than  thofe  of  Jupiter, 
whofe  are  alfo  much  greater  than  thofe 
of  Saturn. 

In  either  of  the  fatellites  of  Jupitir 
or  Saturn,  thefe  different  appearances 
in  the  neighbouring  Worlds  are  much 
oftener  feen  than  they  are  by  us  in  the 
primary  Planets. 

W# 
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We  never  obferve  thefe  different  mo¬ 
tions  in  the  Moon,  becaufe  fhe  turns 
round  the  Earth  as  her  center ;  neither 
do  we  obferve  them  in  the  Sun,  becaufe 
he  is  the  center  of  the  Earth’s  motion  ; 
whence  the  apparent  motion  of  the  Sun 
always  appears  the  fame  way  round  the 
Earth. 

Of  the  Annual  and  Diurnal  Motion  of  the 
Earthy  and  of  the  mcreafe  and  decreafe 
of  Days  and  Nights. 

The  Earth  in  Her  annual  motion 
round  the  Sun,  has  her  axis  always  in 
the  fame  direftion,  or  parallel  to  itfelf ; 
that  is,  if  a  line  be  drawn  parallel  to  the 
axis,  while  the  Earth  is  in  any  point  of 
her  orbit,  the  axis  in  all  other  pofitions 
of  the  Earth  will  be  parallel  to  the  faid 
line.  This  parallelifm  of  the  axis,  and 
tiie  iimple  motion  of  the  Earth  in  the 
ecliptic,  folves  all  the  ph^snomena  of 
difr'erent  feafons.  Thefe  things  are  very 
well  illuflrated  by  the  Orrery. 

If  you  put  on  the  lamp  in  the  place 
of  the  Sun,  you  will  fee  how  one  half  of 
'.eur  globe  is  always  •  illuminated  by  the 
Sun,  while  the  other  hemifphere  re¬ 
mains  in  darknefs;  hew  Day  and  Night 
'•  are 

f. 
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are  formed  by  the  revolution  of  the 
Earth  round  her  axis ;  for  as  fhe  turns 
from  W eft  to  Eaft,  the  Sun  appears  to 
move  from  Eaft  to  Weft.  And  while 
the  Earth  turns  in  her  orbit,  you  may 
obferve  that  her  axis  always  points  the 
fame  way,  and  the  feveral’  leafons  of  the 
year  continually  change; 

4 

To  make  thefe  things  plainer,' we  will 
take  a  view  of  the  Earth  in  different 
parts  of  her  orbit. 

I  •  •  ■ 

When  the  Earth  is  in  the  firft-  point 

Libra  (which  is  found  by  extending 
a  thread  from  .the  Sun,  and  over  the 
Earth,  to  the  ecliptic)  v;e  have  the 
Vernal  Equinox,  and  the  Sun  at  that 
time  appears  in  the  fiift  point  of  'r. 

In  this  pofition  of  the  Earth,  two  Poles 
of  the  world  are  in  the  lines  feparating 
light  and  darknefs ;  and  as  the  Earth 
turns  round  her  axis,  juft  one  half  of 
the  equator,  and  all  its  parallels j  will 
be  in  the  light,  and  the  other  half  in  the 
dark  j  and  therefore  the  days  and  nights 
muft  be  ever/  where  equal. 

y  A 

As  the  Earth  moves  along  in  her  or¬ 
bit^  you  will  perceive  the  North  Pole 
advances  by  degrees  into  the  illuminated 

O  2  hemi- 
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hemifphere,  and  at  the  fame  time  the 
South  Pole  recedes  into  darknefs  j  and 
in  all  places  to  the  Northward  of  the 
equator,  the  days  continually  lengthen, 
while  the  contrary  happens  in  the  South¬ 
ern  parts,  until  at  length  the  Earth  is  ar¬ 
rived  in  Capricorn.  In  this  polition  of 
the  Earth  all  the  fpace  included  within 
the  ardlic  circle  falls  wholly  within  the 
light,  and  all  the  oppofite  part  lying 
within  the  antardfic  circle,  is  quite  in¬ 
volved  in  darknefs.  In  all  places  between 
the  equator  and  the  ardtic  circle,  the 
days  are  now  at  the  longeft,  and  are 
gradually  longer,  as  the  places  are  more 
remote  from  the  equator.  In  the  South¬ 
ern  hemifphere  there  is  a  contrary  effedl. 
All  the  while  the  Earth  is  travelling  from 
Capricorn  towards  Aries,  the  North  Pole 
gradually  recedes  from  the  light,  and  the 
South  Pole  approaches  nearer  to  it ;  the 
days  in  the  Northern  hemifphere  gra¬ 
dually  decreafe,  and  in  the  Southern  he¬ 
mifphere  they  increafe  in  the  fame  pro¬ 
portion,  until  the  Earth  be  arrived  in 
then  the  two  Poles  of  the  world  lie  ex- 
adlly  in  the  line  feparating  light  and 
darknefs ;  and  the  days  are  equal  to  the 
nights  in  all  places  of  the  world.  As 
the  Earth  advances  towards  Cancer,  the 
North  Pole  gradually  recedes  from  the 

light. 
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light,  while  the  Southern  one  advances 
into  it,  at  the  fame  rate.  In  the  North¬ 
ern  hemifphere  the  days  decreafe,  and 
in  the  Southern  one  they  gradually 
lengthen,  until  the  Earthbeing  arrivedin 
Cancer,  the  North  frigid  Zone  is  all  in¬ 
volved  in  darknefs,  and  the  South  frigid 
Zone  falls  intirely  within  the  light ;  the 
days  every  where  in  the  Northern  hemi¬ 
fphere  are  now  at  the  fhorteft,  and  to^ 
the  Southward  they  are  at  the  longeft. 
As  the  Earth  moves  from  hence  towards 
Libra,  the  North  Pole  gradually  ap¬ 
proaches  the  light,  and  the  other  recedes 
from  it  5  and  in  all  places  to  the  North¬ 
ward  of  the  equator,  the  days  now  length¬ 
en,  while  in  the  oppofite  hemifphere  they 
gradually  fhorten,  until  the  Earth  has 
gotten  into  —  j  in  which  pofition  the 
days  and  nights  will  again  be  of  equal 
length  in  all  parts  of  the  world. 

You  might  have  obferved,  that  in  all 
pofitions  of  the  Earth,  one  half  of  the 
equator  was  in  the  light,  and  the  other 
half  in  darknefs ;  whence  under  the 
equator,  the  days  and  nights  are  always 
of  the  fame  length  :  And  all  the  while 
the  Earth  was  going  from  —  towards  , 
the  North  Pole  was  conftantly  illu- 
^niiiated,  and  the  South  Pole  all  the 

O  2  whiU 


^he  Dcfcriptwi  of 

while  in  darknefs ;  and  for  the  other 
half  year  the  contrary.  Sometimes  there 
is  a  femlcircle  exacily  facing  the  Sun, 
fixed  over  the  middle  of  the  Earth, 
which  may  be  called  the  horizon  of  the 
dhk  :  This  will  do  inftead  of  the  lamp, 
if  that  half  of  the  Earth  which  is  next 
the  Sun  be  confidered,  as  being  the  il¬ 
luminated  hemifphere,  and  the  other 
half,  to  be  that  which  lies  in  darknefs. 

The  great  circle  repre- 

fent  the  Earth’s  annual  orbit  j  and  the 
four  ieifer  circles  E  S  Q£,  the  ecliptic, 
upon  the  furface  of  the  Earth,  coincid¬ 
ing  with  the  great  ecliptic  in  the  Hea¬ 
vens.  Thefe  four  lefier  figures  repre- 
fent  the  Earth  in  the  four  cardinal  points 
of  tlie  ecliptic,  P  being  the  North  Pole  of 
the  equator,  and  p  the  North  Pole  of 
the  ecliptic  ;  SPC,  the  folftitial  colure 
which  is  always  parallel  to  the  great  fol¬ 
ftitial  colure  se  o  in  the  Heavens  \ 
E  P  Q^the  equinodfial  colure.  The  o- 
th.r  circles  paffing  thro’  P,are  meridians 
at  two  hours  diftance  from  one  ano-r 
ther;  the  femicircle  EiE(.ijs  the  Norths 
.ern  half  of  the  equator  j  the  parallel 
circle  touching  the  ecliptic  in  S,  is  the 
tropic  of  Ca72cer  ;  the  dotted  circle,  the 
paraftel  of  London^  and  the  fmall  cir- 
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cle  toudiins  the  Pole  of  the  ecliptic;, 
is  die  ArBic  Circle.  The  fliaded  part, 
which  is  always  oppofite  to  the  Sun,  is 
the  obfcure  hemifphere,  or  that  wh.ch 
lies  in  darknefs ;  and  that  which  is  next 
the  bun,  is  the  illuminated  hemilpheie. 

If  we  fuppofe  the  Earth  hi  fhe 
will  then  fee  the  Sun  in 
makes  our  vernal  equinox)  and  in  t 
pofition  the  circle  bounding  light  and 
dai'knefs,  which  here  is  SC,  pades  thro 
the  poles  of  the  World,  and  bifeds  all 
the  parallels  of  the  equator;  and 
therefore  the  diurnal  and  noaurnal 
arches,  or  the  length  of  the  days  and 
nights’,  are  equal  in  all  places  of  the 

world* 

But  while  the  Earth  her  annual 
courfe,  moves  through  n,  ^ ,  to  -  ,  the 

line  S  C,  keeping  ftiU 
or  to  the  place  where  it  was  at  hi  t, 
the  Pole  P  will,  by  this  motion  gradu¬ 
ally  advance  into  the  illuminated  hemi¬ 
fphere  ;  and  alfo  the  diurnal  ardhes  of  the 
Jlrallels  gradually  increafe,  and  confe- 
quently  the  noaurnal  ones  ‘ 

tile  fame  pr?Frtiqn,  until  the  Ear 
has  arrived  into  v  m  w  P  •  ' 
the  Pole  P,  and  all  the  fpace 

O  4 
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flr<?llc  cii'cle,  fall  wholly  within  the  ilr 
luminated  hemifphere,  and  the  diurnal 
arches  of  al  the  parallels  that  are  with-, 
out  this  circle,  wui  exceed  the  nodurnal 
arches  more  or  lefs,  as  the  places  are 
nearer  to,  or  farther  off  from  it,  until 
the  diflance  from  the  Pole  is  as  far  as 

the  equator,  where  both  thefe  arches 
are  always  equal. 

^Sain^while  the  Earth  is  moving  from 
b  thro  ,  to  'r,  the  Pole  P  begins 
to  mchne  to  the  line,  diftinguilhing 
light  and  darknels,  in  the  fame  pro¬ 
portion  that  before  it  receded  from  it  • 
and^  confequently  the  diurnal  arches 
gradually  lellen,  until  the  Earth  has 
anived  into  r,  where  the  Pole  P  will 
apin  fall  on  the  horizon,  and  fo  caufe 
the  days  and  nights  to  be  every  where 

t.-i  palled 

. ,  ’ 'o  I  S'®  thip’ s  and 

the  Pole  P  will  begin  to  fall  in  the  ob- 
fcure  hemifphere,  and  fo  recede  gradu¬ 
ally  flora  the  light,  until  the  Earth  is 

^'‘t'  !u  f  5  which  pofition  not 
fhJ  all. the  fpace  within 

.he  arftic  circle,  are  involved  in  dark¬ 
nels,  and  foe  diurnal  arches  of  all  the 
parallels,  without  the  aiftic  circle  are 
equal  to  foe  noaurnal  arches  of  tlm 

fame 
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rame  parallels,  when  the  Earth  was  In 
the  oppofite  point  icf ;  and  it  is  evident 
that  the  days  are  now  at  the  diorteft, 
and  the  nights  the  longed:.  But  when 
the  Earth  has  pad:  this  point,  while  die 
is  going  through  si  and  »i,  the  Pole  P 
will  again  gradually  approach  the  light, 
and  fo  the  diurnal  arches  of  the  paral¬ 
lels  gradually  lengthen,  until  the  Earth 
is  arrived  in  j  at  which  time  the  days 
and  nights  will  again  be  equal  in  all 
places  of  the  World,  and  the  Pole  itfelf 
jud:  fee  the  Sun. 

Here  we  only  conddered  the  phasno- 
mena  belonging  to  the  Northern  paral¬ 
lels  j  but  if  the  Pole  P  be  made  the  South 
Pole,  then  all  the  parallels  of  latitude 
will  be  parallels  of  South  latitude,  and 
the  days,  every  where,  in  any  pofition 
of  the  Earth,  will  be  equal  to  the  nights 
of  thofe  who  lived  in  the  oppofite  hemi- 
fphere,  under  the  fame  parallels. 

Of  the  Phafes  of  the  Moon,  and  of  her 
Motion  in  her  Orbit, 

The  orbit  of  the  Moon  makes  an 
angle  with  the  plane  of  the  ecliptic,  of 
above  5I  degrees,  and  cuts  it  in  two 
points,  diametrically  oppofite  (after  the 

fame 
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fame  manner  as  the,  equator  and  the 
ecliptic  cut  each  other  upon  the  globe, 
in  'y'  and  )  which  points  are  called  the 
liQdcu  Nodes’,  and  a  right  line  joining  thefe 
points,  and  palling  through  the  center 
of  the  Earth,  is  called  the  Line  of  the 
Nodes,  That  node  where  the  Moon 
begins  to  afcend  Northward  above  the 
plane  of  the  ecli])tic,  is  called  the  Af 
Pragon’s  cendiHg  Node,  Head  of  the  Dj-'a- 

Head.  jg  ^j^^g  commonly  marked  s . 

'The  other  node,  from  whence  the  Moon 
defcends  to  the  Southward  of  the  eclip¬ 
tic,  is  called  the  Defending  Node,  and  the 
Dragon's  Dragou  s  T ail,  and  is  thus  marked  8$ . 
The  line  of  nodes  continually  drifts 
itfelf  from  Eall  to  Weft,  contrary  to  the  ’ 
order  of  the  figns ;  and  with  this  re~ 
Retro-  trograd^e  motion,  makes  one  revolution 
grade  Mo-  j'ound  thc  Earth,  in  the  fpace  of  about 

tton  of  the 

Nodes.  19  years. 


The  Moon  deferibes  its  orbit  round 
the  Earth  in  the  fpace  of  27  days  and 
7  hours,  which  fpace  of  time  is  called 
Periodical  a  Periodical  Month-,  yet  from  one  con- 
Month:  to  the  next,  the  Moon  fpends 

29  days  and  a  half,  which  is  called  a 
Synodical  S'piodical  Mcuth ;  bccaufc  while  the  Moon 
Month,  pj'oper  Orbit  finidies  her  courfe, 

-the  Earth  '  advances  near  a  whole  figii 

•  ^  ’3  .  in 
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in  the  ecliptic ;  which  fpace  the  Moon 
has  ftill  to  defcribe,  before  Ihe  will  be 
'  feen  in  conjunction  with  the  Sun. 

When  the  Moon  is  in  conjundflon 
with  the  Sun,  note  her  place  in  the 
ecliptic  ;  then  turning  the  handle,  you 
will  find  that  27  days  and  7  hours  will 
bring  the  Moon  to  the  fame  place ;  and 
after  you  have  made  2^  revolutions 
more,  the  Moon  will  be  exactly  betwixt 
the  Sun  and  the  Earth, 

The  Moon  all  the  while  keeps  in  her 
orbit,  and  fo  the  wire  that  fupports 
her  continually  rifes  or  falls  in  a  focket, 
as  fhe  changes  her  latitude ;  the  black 
cap  fhifts  itfilf,  and  fo  fhews  the  pha-  Phafes  cf 
fes  of  the  Moon,  according  to  her  age, 
or  how  much  of  her  enlightened  part  is 
feen  from  the  Earth.  In  one  fynodical 
month,  the  line  of  the  nodes  moves 
about  I  4  degree  from  Wed:  to  Eafl, 
and  fo  makes  one  entire  revolution  in 
19  years. 

Let  A  B  be  an  arch  of  the  Earth’s  or-  Plate  Y. 
bit,  and  when  the  Earth  is  in  T,  let  the 
Moon  be  in  N,  in  conjunftion  with  the 
Sun  in  S,  while  the  Moon  is  defcribing 
her  orbit  N  A  F  D,  the  Earth  will  de- 

fcribc 
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fcribe  the  arch  of  her  orbit  T  r ;  and 
when  the  Earth  has  got  into  the  point 
the  Pvloon  will  be  in  the  point  of  her 
orbit  72,  having  made  one  compleat  re- 
volation  round  the  Earth.  But  the 
Moon,  before  Ihe  comes  in  conjunftion 
with  the  Sun,  muft  again  defcribe  the 
arch  72  0  ;  which  arch  is  fimilar  to  T  t, 
becaufe  the  lines  F  N,  /;?,  are  parallel  j 
and  becaufe,  while  the  Moon  defcribes 
the  arch  72  0,  the  Earth  advances  forward 
in  the  ecliptic;  the  arch  defcribed  by  the 
Moon,  after  die  has  finifhed  her  perio¬ 
dical  month,  before  die  makes  a  fyno- 
dical  month,  mud  be  fomewhat  greater 
than  72  0.  To  determine  the  mean  length 
of  a  fynodical  month,  find  the  diurnal 
'motion  of  the  Moon  (or  the  fpace  die 
defcribes  round  the  Earth  in  one  day) 
and  likewife  the  diurnal  motion  of  the 
Earth  ;  then  the  difference  betwixt  the 
two  motions,  is  the  apparent  motion  of 
the  Moon  round  the  Earth  in  one  day ; 
then  it  will  be,  as,  this  differential  arch 
is  to  a  whole  circle ;  fo  is  one  day  to 
that  fpace  of  time  wherein  the  Moon 
appears  to  defcribe  a  compleat  circle 
round  the  Earth,  which  is  about  29^ 
days.  But  this  is  not  always  a  tru 
L2mat!072,  for  the  motion  of  the  Moon 
fonietimes  fader,  and  fornetimes  dow¬ 
er. 
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cr,  according  to  the  pofitioiiof  the  Earth 
in  her  orbit. 

In  one  fynodical  month  the  Moon 
has  all  manner  of  afpefts  with  the  Sun 
and  Earth,  and  becaufe  fhe  is  opaque, 
that  face  of  her’s  will  only  appear  bright 
which  is  towards  the  Sun,  while  the 
oppofite  remains  in  darknefs .  But  the 
inhabitants  of  the  earth  can^  only  fee 
that  face  of  the  Moon  which  is  turned 
towards  the  Earth  ;  and  therefore,  ac¬ 
cording  to  the  various  pofitions  or  the 
Moon,  in  refpecl  of  the  Sun  and  Earth, 
we  obferve  different  portions  of  her  illu¬ 
minated  face,  and  fo  a  continual  change 
in  her  ^  Phafes. 

Let  S  be  the  Sun,  RTV  an  arch  of 
the  Earth’s  orbit,  T  the  Earth,  and  the 
circle  ABCD,  &c.  the  Moon’s  orbit,  in 
which  fhe  turns  round  the  Earth  in  the 
fpace  of  a  month ;  and  let  A,  B,  C,  &c. 
be  the  centers  of  the  Moon  in  diffeient 
parts  of  her  orbit. 

Now  if  with  the  lines  S  A,  SB,  &c. 
we  join  the  centers  of  the  Sun  and 

Moon, 


*  P/ja/es  of  the  Moon  are  thofe  different  appear¬ 
ances  we  obferve  in  her,  according  to  her  pofmon  la 
refped  to  the  Sun  and  Earth. 
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Moon,  and  at  right  angles  to  thefe  draw 
the  lines  H  O  j  the  faid  lines  H  O  will 
be  the  circles  that  feparate  the  illumi¬ 
nated  part  of  the  Moon  from  the  dark 
and  obfcure.  Again,  if  we  conceive 
another  line  I  L  to  be  drawn  at  right 
angles  to  the  lines  T  A,  TB,  paf- 
fing  from  the  center  of  the  Earth  to  the 
Moon,  the  faid  Line  I L  will  divide  the 
vifible  hemifphere  of  the  Moon,  or  that 
which  is  turned  towards  us,  from  the 
invifible,  or  that  which  is  turned  from 
us ;  and  this  circle  may  be  called  the 
Circle  of  Vifon. 

Now  it  is  manifeft,  that  whenever  the 
Moon  is  in  the  pofition  A,  or  in  that 
point  of  her  orbit  which  is  oppofite  to 
the  Sun,  the  circle  of  vifion,  and  the 
circle  bounding  light  and  darknefs,  do 
coincide,  and  all  the  illuminated  face  of 
the  Moon  is  turned  towards  the  Earth, 
and  is  vifible  to  us  ;  and  in  this  pofition 
FuUMoon, Moon  is  faid  to  be  full.  But  when 
the  Moon  arrives  to  B,  all  her  illumi¬ 
nated,  face  is  then  not  towards  the  Earth, 
there  being  a  part  of  it,  HBI,  not  to  be 
feen  by  us  ;  and  then  her  vifible  face  is 
deficient  from  a  circle,  and  appears  of 
a  gibbous  form,  as  in  B,  Fig.  3 .  Again 
when  ihe  arrives  to  C,  the  two  fore¬ 
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mentioned  circles  cut  each  other  at  right 
angles,  and  then  we  obferve  a  halj  Moony  Half 
as  in  C,  Fig.  3.  And  again  the  illu- 
ruinated  face  of  the  Moon  is  more  and 
more  turned  from  the  Earth,  until  flie 
comes  to  the  Point  E,  where  the  circle 
of  vifion,  and  that  bounding  light  and 
darknefs,  do  again  coincide.  Here  the 
Moon  difappears,  the  illuminated  part 
being  wholly  turned  from  the  Earth ; 
and  fhe  is  now  faid  to  be  in  ConjimBion 
with  the  Stmy  becaufe  fhe  is  in  the  fame 
diredfion  from  the  Earth  that  the  Sun  is 
in,  which  pofition  we  call  a  New  Moon. 
When  the  Moon  is  arrived  to  F,  flie^^"*’*' 
again  affumes  a  horned  figure,  but  her 
horns  (which  before  the  change  were 
turned  Weftward)  have  now  changed 
their  pofition,  and  lookEaftward.  When 
fhe  has  arrived  to  a  quadrate  afpedl  at 
G,  file  will  appear  bilected,  like  a  half 
Moon,  afterwards  fhe  will  flill  grow  big¬ 
ger,  until  at  laft  flie  comes  to  A,  wdiere  a- 
gain  Ihe  will  appear  in  her  full  fplendor • 

The  fame  appearances  which  we  ob¬ 
ferve  in  the  Moon  arc  likewife  obferved 
Lunarians  in  the  Earth,  our  Earth 
being  a  Moon  to  them,  as  their  Moon 
is  to  us ;  and  we  are  obferved  by  thern  to 
be  carried  round  in  the  fpace  of  time 
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that  they  are  really  carried  round  th^ 
Earth.  But  the  fame  phafes  of  the 
Earth  and  Moon  happen  when  they  arc 
in  contrary  pofition ;  for  when  the  Moon 
is  in  conjunction  to  us,  the  Earth  is  then 
in  opposition  to  the  Moon,  and  the  Lu^ 
narians  have  then  a  full  Earth,  as  we  in 
a  fimilar  pofition  have  a  full  Moon. 
When  the  Moon  comes  in  oppofition  to 
the  Sun,  the  Earth,  feen  from  the  Moon, 
will  appear  in  conjunction  with  her, 
and  in  that  pofition  the  Earth  will  dif- 
appear;  afterwards  the  will  affume  a 
horned  figure,  and  fo  fhew  the  fame 
phafes  to  the  inhabitants  of  the  Moon 
as  the  does  to  us. 

Of  the  Eclipfes  of  the  Sun  and  Moon. 

^  An  Eclipfe  Is  that  deprivation  of  light 
in  a  Planet,  when  another  is  interpofed 
betwixt  it  and  the  Sun.  Thus,  an 
eclipfe  of  the  Sun  is  made  by  the  in- 
terpofition  of  the  Moon  at  her  con- 
junaion,  and  an  eclipfe  of  the  Moon  is 
occafioned  by  the  fhadow  of  the  Earth 
falling  upon  the  Moon,  when  fhe  is  in 
oppofition  to  the  Sun. 

4.  Let  S  be  the  Sun,  T  the  Earth,  and 
ABC  its  fliadow;  now  if  the  Moon, 

wEen 
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when  fhe  is  in  oppofition  to  the  Sun, 
Ihould  come  into  the  conical  fpace 
ABC,  Ihe  will  then  be  deprived  of  the 
folar  light,  and  fo  undergo  an  eclipfe. 

In  the  fame  manner,  when  the  fha- 
dow  of  the  Moon  falls  upon  the  Earth 
(which  can  never  happen  but  when  the 
Moon  is  in  conjunftion  with  the  Sun) 
that  part  upon  v/hich  the  fhadow  falls 
will  be  involved  in  darknefs,  and  the 
Sun  eclipfed.  But  becaufe  the  Moon  is  Solar 
much  lefs  than  the  Earth,  the  fliadow 
of  the  •  5  cannot  cover  the  whole  Earth, 
but  only  a  part  of  it.  Let  S  be  the  Sun,  pig.  5. 
T  the  Earth,  ABC  the  Moon’s  orbit, 
and  L  the  Moon  in  conjun<5lion  with 
the  Sun  :  Here  the  fnadow  of  the  Moon 
falls  only  upon  the  part  D  E  of  the 
Ivartli’s  furface,  and  there  only  the  Sun 
is  intirelyhid:  but  there  are  other  parts 
E  F,  D  G,  on  each  fide  of  the  fnadow, 
where  the  inhabitants  are  deprived  of 
part  of  the  Solar  rays,  and  that  more 
or  lefs,  according  to  their  diftance  from 
tlic  lhadow.  Thofe  who  live  at  H  and  I 
will  fee  half  of  the  Sun  eclipfed,  but  in 
the  fpaces  FM,  GN,  all  the  Sun’s  body 
will  be  vifible,  w’ithout  any  eclipfc.v 
From  the  preceding  figure  it  appears, 
tliat  an  eclipfe  of  the  Sun  does  not  reach 

P  a 
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a  great  way  upon  the  fuperficies  of  the 
Earth ;  but  the  whole  body  of  the  Moon 
may  fometimes  be  involved  in  the 
Earth’s  lhadow. 

Although  the  Moon  feen  from  tlie 
Earth,  and  the  Eaj  th  feen  from  the 
Moon,  are  each  alternately,  once  a 
month,  in  conjundlion  with  the  Sun  ; 
yet,  by  reafon  of  the  inclination  of  the 
Moon’s  orbit  to  the  ecliptic,  the  Sun  is 
not  eclipfed  every  new  Moon,  nor  the 
Fig.  6.  Moon  at  every  full.  Let  T  be  the 
Earth,  DTE  an  arch  of  the  ecliptic,  A 
LEF,  the  Moon’s  orbit,  having  the 
Earth  T,  in  its  center  ;  and  let  AG  EC 
be  another  circle  coinciding  with  the  e- 
cliptic,  and  A,  B,  the  nodes,  or  the  two 
points  where  the  Moon’s  orbit  and  the 
ecliptic  cut  each  other.  A  the  afeend- 
ing  node,  and  B  the  defeending  node. 
Tlie  angle  GAL  equal  to  GEL  is  the 
inclination  of  tlie  Adoon’s  orbit  to  the 
ecliptic,  being  about  5-t  degrees.  New 
a  fpeddator  from  the  Earth  at  T,  will 
obferve  the  Sun  to  move  in  the  cij’cle  A 
GBC,  and  the  Moon  in  her  orbit  ALBF; 
whence  it  is  evident,  that  the  Sun  and 
Moon  can  never  be  feen  in  a  diredl  line 
from  the  center  of  the  Earth,  but  when 
the  Moon  is  in  one  of  the  nodes  A  or  B ;; 

^  ’  and 
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and  then  only  will  the  Sun  appear  cen¬ 
trally  cclipfed.  But  if  the  conjun6lion 
of  the  Moon  happens  when  flie  is  any 
where  within  the  diftance  A  c  of  the 
nodes,  either  North  or  South,  the  Sun 
will  then  be  eclipfed,  more  or  lefs,  ac¬ 
cording  to  the  diftance  from  the  node 
A,  or  B.  If  the  conjun6lion  happens 
when  the  Moon  is  in  b,  the  Sun  will  be 
then  one  half  eclipfed  j  and  if  it  hap¬ 
pens  when  fire  is  in  c,  the  Moon’s  limb 
will  juft  touch  the  Sun’s  diik,  without 
hiding  any  part  of  it. 

The  fhadow  of  the  Earth  at  the  place 
v/here  the  Moon’s  orbit  interfecfts  it,^  is 
^  three  times  as  large  as  the  Moon’s  dia¬ 
meter,  as  in  Fig.  4.  and  therefore  it  of¬ 
ten  happens  that  eclipfes  of  the  Moon 
are  total,  when  they  are  not  central : 
And  for  the  fame  reafon  the  Moon  may 
fometimes  be  totally  eclipfed  for  three 
hours  together  5  whereas  total  eclipfes 
of  the  Sun  can  fcarcely  ever  exceed  four 
minutes. 

The  eclipfes  of  the  Sun  and  Moon  are 
very  well  explained  by  the  Orrery;  Thus 
having  put  the  lamp  in  the  place  of 
the  Sun,  and  the  little  Earth  and  the 

little  Moon  in  their  proper  places,  in- 
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flead  of  tlie  larger  ones,  let  the  room, 
wherein  the  inflrument  ftands,  be  dark¬ 
ened  ;  then  turning  the  handle  about, 
you  will  fee  when  the  conjunction  of 
tne  iVIocn  happens.  When  (lie  is  in,  or 
near  one  of  the  nodes,  herfliadow  will 
f  all  upon  the  Earth,  and  fo  deprive  that 
part  upon  which  it  falls  of  the  light  of 
tile  Sun  :  It  the  conjundfion  happens 
when  the  rvloon  is  not  near  one  of  the 
nodes,  the  light  of  the  lamp  will  fall 
upon  the  Earth,  either  above  or  below 
tlie  ivioon,  according  to  her  latitude  at 
tliat  time.  In  like  manner,  when  the 
full  Moon  happens  near  one  of  the 
nodes,  the  fliadow  of  the  Earth  will  fall 
upon  the  Moon ;  and  if  the  Moon’s  la¬ 
titude  be  but  imall,  her  whole  face  will 
be' involved  in  daiknefs.  At  other  times, 
when  the  full  Moon  happens  when  flie 
is  not  near  one  of  her  nodes,  |the  dra- 
dow  or  the  Eartli  wdll  pafs  either  above 
or  below  the  Moon,  and  fo  by  that 

means  the  Moon  will  elcape  beins: 
eclipfed.  ° 


Q/ 


■'j  hjcltpjcs  cf  the  batellites  of  Jupiter. 


Tlie  apparent  diameters  of  the  infe- 
UiO!  1  lancL's  ai  e  fo  Imall,  that  when  they 
pafs  betwixt  us  and  the  Sun,  they  only 
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appear  like  fmall  fpots  upon  the  Sun’s 
llirface,  without  depriving  us  of  aiiy 
fenfihie  quality  of  his  light.  Tlie  llia- 
dow  of  the  Earth  likewife  terminates 
before  it  reaches  any  of  the  iuperior 
Planets,  fo  that  tliey  are  never  cc'ipfed 
by  us  ;  and  the  Earth,  when  flie  is  in 
conjunction  witli  the  Sun,  only  appears 
like  a  black  fpot  upon  Ins  furface. 

But  ^Jupiter  and  bis  Moons  mutually 
eclipfe  each  other,  as  our  Earth  and 
Moon  do ;  as  alfo  doth  Saturn  and  his 
Moons.  The  fatellites  of  j  tipi  ter  be¬ 
come  twice  hid  from  us,  in  one  circu¬ 
lation  round  it  j  viz,  once  behind  the 
body  of  Jupiter,,  i.  e.  when  they  are  in 
tlie  right  line  joining  the  centers  of 
the  Earth  and  u  ;  and  again  they  be¬ 
come  invifible  when  they  enter  the  flia- 
dow  of  Jupiter,,  which  happens  when 
they  are  at  their  Full,  as  feen  from  it, 
at  which  times  they  alfo  fuffer  eclipfes  ; 
which  eclipfes  happen  to  them  after  the 
fame  manner  as  they  do  to  our  Moon, 
by  the  intei'poiition  of  the  Earth  be¬ 
twixt  her  and  the  Sun. 

Let  S  be  the  Sun,  ABT  the  Earth’s  Fig.  7. 
orbit  j  and  CitD,  an  arch  of  Jupiter's 
orbit,  in  which  let  Jupiter  be  in  the 
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point  %■',  and  let  CFDH  be  the  orbit  of 
one  of  yuptters  fatellites,  which  vve  will 
here  fnppofe  to  be  the  fartheft  from  him, 
Thefe  fatellites,  while  they  movethrough 
the  inferior  parts  of  their  orbs,  viz.  from 
D  thro’  H,  I,  to  C,  feem  from  the  Earth 
and  the  Sun  to  have  a  retrograde  mo¬ 
tion  ;  but  when  they  are  in  the  fuperior 
part  of  their  orbit,  they  are  then  feen  to 
move  from  Weft  to  Eaft,  according-  to 
their  true  motion.  Now  while  they  de- 
feribe  the  fuperior  part  of  their  orbits, 
they  will  be  twice  hid  from  the  Earth, 
once  in  the  ftiadow  of  if ,  and  once  be¬ 
hind  his  body.  If  yupiter  be  more 
Wefterly  than  the  Sun,  that  is,  when  the 
Earth  is  in  A,  they  will  be  firft  hid  in 
the  ftiadow  F,  and  afterwards  behind 
the  body  of  ir  in  G  :  But  when  the 
Earth  is  in  B,  then  they  are  firft  hid  be¬ 
hind  if ’s  body  in  E,  and  afteiwards  fall 
into  the  ftiadow  F.  While  the  fatel¬ 
lites  deferibe  the  inferior  parts  of  their 
orbit,  they  only  once  difappear,  which 
may  be  either  in  I  or  H,  according  to 
the  pofition  of  the  Earth,  in  which 
places  they  cannot  be  diftinguiftied 
from  the  body  of  yupiter. 

When  the  fatellites  feen  from  it  are 
In  conjunction  with  the  Sun,  their  ftia- 
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dows  will  then  fall  upon  % ,  anJ  fome 
part  of  his  body  be  involved  in  ciaik- 
nels,  to  which  part  the  Sun  will  be  to- 
tally  eclipred. 

By  obfervlng  the  ecUpfes  of  Jupi^s 
fatellites,  it  was  firft  difcovered  that  light 
is  not  propagated  inftantaneouily, 
thouo-h  it  moves  with  an  incredible 
fwiftnefs  :  For  if  light  came  to  us  in  an 
•  inftant,  an  obferver  in  T  will  fee  an 
eclipfe  of  one  of  the  fatellites,  at  the 
fame  time  that  another  in  K  would.  But 
it  has  been  found  by  obfervations,  that 
when  the  Earth  is  in  K,  at  her  neareft 
diftance  from  Jupiter,  thefe  echpfes  hap¬ 
pen  much  fooner  than  when  Ihe  is  in  T. 
Now  having  the  difference  of  tiiM  be¬ 
twixt  thefe  appearances  in  K  and  T,  we 
may  find  the  length  of  time  the  light 
takL  in  pafling  from  K  to  T,  which 
fpace  is  equal  to  th® 

Earth’s  annual  orb.  By  tlrefe 
obfervations  it  has  been  found.  _  that 
lio-ht  reaches  from  the  Sun  to  us 
fplice  of  eleven  minutes  of  time,  which 
is  at  lead  at  the  rate  of  100,000  miles 

in  a  fecond. 
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"T  T  A  P.  IE  T  Y  of  Pocket  Cafes  of  Drav/ingin-  f 
rtruments,  in  Silver,  from  3I.  3s.  to  -  ^ 

Ditto,  in  Erafs,  from  5s.  to  -  -  - 

Magazine  Cafes,  in  Silver,  from  12I.  to 
Ditto,  in  Brafs,  from  5I.  to  - 
Circular  Compaffes  to  defcribe  a  Circle  as  fmall ) 
as  a  Pin’s  Plead,  from  3s.  to  -  -  -  3 

Long  Hand  Drawing-Pens,  from  is.  to 
Compafles  in  Brafs,  with  iLifting  Points,  as  the) 
Ink  and  Clack  Lead  Points,  from  as.  6d.  to  5 
Plain  Compafles,  from  6d.  to 
Beam  Compafles,  for  drawing  large  Circles,  fm.  1 2s. 
Proportionable  Compafles,  from  il.  is.  to 
Triangular  Compafles,  from  14s.  to 
Eliptical  Cvompalfes,  forOv.ils,  from  il.  zis.  6d.  t( 
Hair  Compaffes 

Bows  for  drawing  curved  Lines,  from  4s.  to 
Sets  of  Feather-Edge  Scales,  in  Brafs,  ivory,  or  1 
Wood,  from  12s.  to  -  -  -  -  j 

Pbi.i  u.tto,  or  Plotting  ditto,  in  ditto,  from  8d.  t 
Gnnt  'r's  2  Feet,  and  i  Foot  Scales,  in  Brafs  or  ] 
W'’CnJ.  from  2s.  to  -  -  ~  ] 

Protracicrs  of  all  Sorts,  from  is.  6 J.  to 
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Parallel  Rules,  from  6  to  36  inches,  from  2s.  6d.  to 
Crofi-bar  ditto,  in  Brafs,  Ivory,  or  Wood,  from? 

4^  inches  to  3  feet,  from  los.  6d.  to  -  ) 

Sectors,  in  ditto,  from  2s.  6d.  to 
7'heodolites,  from  3 1.  3  s.  to  ' 

Ditto,  with  Vertical  Arch,  Spirit  Levels,  Tclef- ) 
cope,  from  tol.  los.  to  -  -  5 

Plain  Tables,  from  3  1.  3  s.  to 
Circumferentors,  the  principal  Inftrument  for) 
Surveying  in  the  Welt- Indies,  from  il.  i6s.  to 3 
Gunter’s  four  pole  chains,  from  6s.  to 
Spirit  Levels  of  all  forts,  from  5  s.  to 
Pcntographia,  for  the  ready  and  exadf  reduftion) 
or  copying  of  Schemes,  Drawings,  Prints,  3 
Meafuring  Wheels  for  Surveying,  from  4I.  14s.  6d.  to 
Hadley’s  Quadrants,  with  Diagonal  Divifions 
Ditto,  with  a  Nonius,  from  2I.  zs.  to 
Ditto,  all  in  Brafs,  from  3  1.  13  s.  6  d.  to 
Davies’s  Quadrant,  from  12  s.  to 
Cole’s  ditto,  from  i8s.  to 
Sutton’s  ditto  -  -  -  _ 

Gunter’s  ditto,  from  3  s.  6  d.  to 
Plorizontal  Sun-dials,  for  all  Latitudes,  from  5s.  to 
Ring  Dials,  from  10  s.  6  d.  to 
Azimuth  Compafles,  from  5  I.  5  s.  to 
Amplitude  ditto,  from  1 1.  7  s.  to 
Mariner’s  Compaffes,  either  for  the  cabbin  or  bi-  ) 
nacle,  from  7  s.  6  d.  to  -  _  3 

Pocket  Compaffes,  from  i  s.  to 

Large  Orreries,  from  50I.  to  -  -  2 

Armillary  Spheres,  from  12I.  to 
Seventeen-inch  Globes  -  _  . 

Pifteen-inch  ditto  -  -  _ 

Twelve-inch  ditto  -  _  _ 

Nine-inch  ditto  -  -  _ 

Six-inch  ditto  -  _  _ 

Three-inch  ditto,  in  a  cafe,  from  8  s.  to 
Large  double-barrelled  Handing  Air-pumps 
Apparatus  to  ditto,  from  3  I.  3  s.  to 
Double-barrelled  Table  Air-pumps,  with  their) 
apparatus,  from  5  I.  15  s.  6d.  to  -  3 

Single-barrelled  ditto  -  -  . 

Apparatus  to  ditto  -  ►  . 
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Eiedtrical 

Eleftrical  Machines,  in  Brafs,  with  Apparatus,  |  ^ 

Box,  from  5I.  5s.  to  -  -  5 

Barometers,  from  il.  is.  to 

Ditto  &  Thermometer,  in  one  F rame,  fm.  1 1. 1 1  s.  6d  to 
Barometer,  Thermometer,  and  Hydrometer,  all  in  7 
one  Frame,  from  2I.  12s.  6d.  to  -  -  5 

Farenheit’s  Thermometers,  in  Mahogany  Cafes,  7 
from  il.  5s.  to  -  -  -  -  -  7 

Pocket  ditto,  in  block  Cafes,  from  12s.  to 
Spirit  Thermometers,  on  Box  Scales,  forHot-Houfes 
Hydrometers,  in  Ivory,  from  4s.  to  -  - 

Ditto,  in  Copper,  with  Weights,  ^c.  for  proving  7 
Spirits,  from  il.  is.  to  -  -  5 

Hydrollatic  Balance,  with  Apparatus,  ^c. 

Speaking  Trumpets,  from  los.  to  - 
Flearing  ditto,  from  7s.  6d.  to  - 
Refiefting  Telefcopes,  from  1 1.  16s.  to  -  1 

Refradling  ditto,  of  various  Lengths,  with  four  or  7 
fix  Glafies,  from  7s.  6d.  to  -  -  -  5 

Double  reflefting  Microfcopes,  from  3  1.  13s.  6d.  to 
Solar  ditto,  in  Brafs,  from  4I.  4s.  to  -  - 

'  Wilfon’s  Pocket  ditto,  from  1 1.  5s.  to  -  - 

Opake  ditto,  from  2I.  12s.  6d.  to  - 
Cloth  ditto,  from  3s.  6d.  to  - 
Flower  ditto,  from  3s.  6d.  to  -  -  -  ■* 

Diagonal  Machines  for  viewing  Prints,  from  i6s.  to 
Large  Book  Camera  Obfcura,  from  4I.  4s.  to 
Box  Camera  Obfcura,  from  10s.  6d.  to  - 

Scioptric  Ball  and  Socket,  in  Wood 
Opera  Glafies,  from  5s.  to 
Profpcdt  ditto,  from  iJd.  to  -  -  - 

Magic  Lanthorn,  without  Objedls,  from  1 1.  is.  to 
Magic  Lanthorn  Sliders,  with  Objedts,  from  3s.  to 
Mirrors,  convex  or  concave,  of  all  Sizes,  in  black  7 
Frames,  from  los.  6d.  to  -  -  -  7 

Prifms,  from  6s.  to  -  -  - 

Reading  GlalTes  fet  in  a  V ariety  of  curious  F rames,  ^ 
from  2S,  6d.  to  -  -  -  -  i 

Watchmaker’s  Glafies,  in  Frames,  from  is.  to 
Concave  ditto,  for  Ihort  fighted  Perfons,  from  i  s.  6d.  to 
Spedtacles  ground  on  Brafs  T ools,  and  fet  in  Silver,  7 
Tortoife-Shell,  Horn,  dsfr.  from  is.  to  -  ) 

Achromatic,  Opera,  andProfpedlGlafiTes,  fm.  iL  is.  to 
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Achromatic  Telefcopes  of  any  Length,  at  1 1,  is.  each  Foot. 
Gauging  Rules,  Carpenter’s  Rules,  andall  other  Kind  of  R.ules> 
at  the  ufuai  Prices. 

The  Ufe  of  the  Seftor  and  plain  Scale  explained,  is. 

The  Ufe  of  Hadley’s  Quadrant  explained,  6d. 

A  line  Print  of  the  Orrery,  on  imperial  Paper,  as. 

A  fmaller  ditto,  6d. 

Variety  of  other  Indruments  too  tedious  to  mention,  are  made 
and  fold  at  the  above  Place  :  Where  any  Gentleman,  by  Letter, 
or  other  Diredlions,  may  depend  on  being  as  faithfully  ferved 
as  if  prefent.  And  as  I  have  been  long  in  the  V/holefale  Part 
of  the  Bufinefs,  Merchants,  CiV.  may  be  fure  of  being  fupplied 
on  the  Bell  Terms.  As  alfo  by  M.  Allison,  at  Falmouth. 
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